12 United States Patent

Ederer

US011213749B2

US 11,213,749 B2
Jan. 4, 2022

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

(%)

(21)
(22)

(65)

(60)

(1)

(52)

NETWORKED MEMORY ENHANCEMENT
GAME USING CUSTOMIZABLE IMAGES

Applicant: 2018 Systems, Inc., Prairie du Sac, WI

(US)

Inventor: John Ederer, Prairie du Sac, WI (US)

Assignee: 2018 Systems, Inc., Prairie du Sac, WI
(US)

Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 93 days.

Appl. No.: 16/747,256

Filed: Jan. 20, 2020

Prior Publication Data

US 2020/0230500 Al Jul. 23, 2020

Related U.S. Application Data

Provisional application No. 62/794,829, filed on Jan.
21, 2019.

Int. CL.

A63F 13/533 (2014.01)

A63F 13/80 (2014.01)

A63F 13/52 (2014.01)

A63F 13/61 (2014.01)

A63F 13/798 (2014.01)

GO6F 3/0484 (2013.01)

U.S. CL

CPC ......... A63F 137533 (2014.09); A63F 13/52

(2014.09); A63F 13/61 (2014.09); A63F
13/798 (2014.09); A63F 13/80 (2014.09):
AG63F 2300/5506 (2013.01); AG3F 2300/558
(2013.01); A63F 2300/6009 (2013.01); A63F
2300/80 (2013.01); GO6F 3/04842 (2013.01)

152

(38) Field of Classification Search

None
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

6,964,416 B2* 11/2005 McClintic ............... GO7F 17/32
273/273

2011/0098108 Al1l* 4/2011 Kuper ............c...... AG63F 13/655
463/29

OTHER PUBLICATTONS

“Concentration Rules and Gameplay”. From Ducksters.com via The
Way Back Machine (www.archive.org). [dated Aug. 20, 2017],
[online], [retrieved on Jun. 16, 2021]. Retrieved from the Internet
<URL: https://web.archive.org/web/20170820083529/https://www.

ducksters.com/games/concentration_rules.php>. 4 pages.™
* cited by examiner

Primary Examiner — Lawrence S Galka

(74) Attorney, Agent, or Firm — Joseph T. Leone, Esq.;
DeWitt LLP

(57) ABSTRACT

The present imnvention 1s a networked, customizable game
for exercising and improving memory and recall that can be
played by from one to multiple players. The game 1s easily
played by young and old players alike. The game can be
customized by creators as well as sponsored by commercial
ventures. The game 1s dimensioned and configured so as to
create and to play a highly individualized, memory-exercis-
ing protocol via mobile “smart” phones and over the Inter-
net. The game can also be configured to limait the players to
those potential players within pre-selected geographic dis-
tance from the player initiating the game.

13 Claims, 19 Drawing Sheets

~— 150




US 11,213,749 B2

Sheet 1 of 19

Jan. 4, 2022

U.S. Patent

Start playing 12

] i
. .HHHHHHHHHHHHH HHHHHHHH
g H..—..HHHHH XX EX

E M)
F Y

AN
:I:;l::I::u:;l::u::l:;l::n!'1II
M M MW N M A
AN AN A
i i
L i i i i
A M
AN A
MM

»
]
Al
Al
A
A
A A
A

»
A_A
A_A
A

Ml
A
MMM

I N
)

*
PN N NN
' '
»
i
i
EY)
|
|
A
o
)
M

»
]
Al
M

X
»
»
[ ]
F
_"HHF'H?"

L )
»

ENN)
'

N |

»

»
ool xoA
|

X
»

»
Al

HHHHH“H”H
MM N

ook e et ot el ot e
LN N )
CRE AR
)

o M M M

P
. ] II_I [ ]
B
ettt
MR
L esitreearebere
I_IIIIII-_ II I-.
s
o
.-.I'II_'I II -I.
R e _
IRy
oA
s

L 'I"I 'I >

o
X & K & F X KX
ERURE N
FAEE SRS
i B

H
»
]
|

2
¥
FY
»
1

A A A N
»

.
]

! R

4-:4-
ik
|
o
A
)
AAaa
|
i

X
»
Hxﬂ E |

»
]
Y

]

X X
)
L
]
MM A
)
|
A
o
o
Mo

Ui N
n”xrxxxﬂxntnu.nv.ﬂqrv.
¥ 4

X
»
Al

oA
i
AN
XX

»
[ ]

HHHHHH
F
P,
‘2
o

X X
)
L
b
L N
)
X
!
o
e
)

X & K X E X

R )

A

AAaa

i

o e P L P, P e, L P M P, e P, N, P P L P N P N M

X & ¥
)
EN )
L
|
)

X X
»
L
)
F:'Il

Mo M M
>
o >

-
4

-

_'F!

4:4- »
O]
N e )
e

'I'F:'H‘I

e s
i
e
e
et
e

e

A

" ] ] ]

e
o,
........"...".._."...._...

o al o n ol el -I-.l-_I-_I-_. y LA
."""......""..""..""“.."“.."..””.... o
ey %

e e

un..-_._-_._-...-_._-_._-...-_._-_ T

X
»
»

X & X kX
AR
bk
NN
)

A

X
»
F)

X X
)
L
L
X
|
s
)
|
|
|

»
)

X
»
M

FY
»
L
o

Al

*
EE)
)
e

|

a
e A A

F)
A A M AN
AN A A A

Eool e A A M N N M A A A A A N NN N A X AR A
™
Y

R N R R NN NN )

‘l'*l'l'-l'l'l'-l'-l'-l'-l'-l'-l'-l'-l'-l'

]

Ll

A AN
AL

i
N
x‘xuuunxn
o

N
M
o
>,

.
o,

M
.

1
" 2 “
L A L
M HH”H”HHH HHH”HHHHHHHHHHE“
k) PHFHHHH HHHHHHHHHHH Hunr.u

. -]
]
-]
A
-]

i
-
]
>,

e
)
2
x
g
o)
X
i

s
‘e
-
-

AL
k .!”!”H .HH i
e .HHH o,

Lo
)
Lo
P
A
F
o
.
F
o
-
A
X

i)
)
)

o o A A R M,
P A AN
P A A

‘e
]
W
-
-]
-

]
Ml
o
:‘I!H.
E
»
-]
"
o,
x?‘!
M
FY)
F

o

A
M
i
-

A
A
o
L
)
r:’ ]
x‘r ]
o
e
-
N
A
o
A
-
X

.
>
>,
>,
>
H
>,
]
H
>,
>
H
EY

M MR RN EEE NN
. o,

L . o,
MM MR RN
L MM .
E E E

.

™
]
-
~
‘2
F
~
]
-
]
‘2
~
u
F

H

EY

o
F

Ml
FY
Y
FY
o
Y
FY
FY
FY
o

S P, T NN NN i RN NN
uiuiluv..!"-__.-_" . e e e e e e R i ; ol ; i

F N
E

E

'
?!x?!
F
N
F

"HHH"H E A
M
x?'!

‘e
~

‘2

F

2
Hd

‘2
~

‘2
E

2
Hd d
.
~

.
»,

F
Ml

F

L x ;
FFRHHHHHHHHHHF
F F

-]

H
|
H
)
H
F
M
H

.
H
F
‘e
-5
.
o
e
F
F
Al
Al

]

x
5 L H o
o o P o

o
F
E |
FY

.IHHHHHHHHHHHHH .HH S HH?HHHH.__.

H”HHHHHHHHHH
-
o
|
i'i!
A_M

U P L
N
o
Y

-]

Y

)

-]

Y

X

-]

)

X

|

)

Y

X

-]

b
-
o
-
-
o
-
-
o
-
-
o
-
-
o
L

A
A
~, .HHHHHWHH.

-

o e A A AN M N N M N K
-
-
HJ
-
-
HJ
-
-
HJ

i i R

k4
]
e o
A
F
o)
M
.
H
o,
F
H
M
.
H
o,
F
o)
M
H
F
._HH

2
A

H

A
H

i
e

b

A

User name 10

Flg. 1



US 11,213,749 B2

Sheet 2 of 19

Menu 16

L

l'* I'*
i

Jr*:r:a-
FY

P

i
*
r

L C N A N
i

X

"';.-:;.-;.-
I|"‘_d|'JrJrJr
i ok

i
I

Ly
oy
LI

i

r
v
P

"r

*l

¥

)
)
E )

aT e a  u  d

A a e dr e i

L)

e e

e
N NN
]

A A N KK
Al

A A N AN KN

)
e

o A
A

R IR RN R R K KRR IR I IR
E A A A A A A A A A
rr.wrrxrxrx“xnnwxxxrxxnxnxnx PR A

ot

E
™
Al A ol A A i .r.”
™
Y

LT T N T NNL NN PN W MR NN W PN NN BN NEN OMNN NN RN MEN MNE ONNN NN ONNK NN N )

]

L L S,
S S
LI I ; s
e o o g P PP P B B P A K J A
o A A A A A A A A AL A A .

o A i

XA PR A M A A A A A A

Ao A A A A A

™

E
=
E
=
x
x
E )
=

u
F = ¥ ok oF
. ‘i‘i
"‘""I""'
MM MR RN AAN AN NN e
e

L
a
1-]!-

4
4
'

+
.b'l'l

%
l.l'.

a ¥ F F F a
L
L.

|
F ok or

EEEEFEFEEFEFEEFEFENEFEEF AR EE R FEFEREF A F B F A FEFE F R EF A FEFF A F AR FEFEFERFR A FFEFFEFEFENFREFFAR A E R A EREF
FolF kROl F FCF FoFCR FoR F R FOF_F Uil ol el Sl S
r . FF ¥ LR N
a1 L ' .
- - . ¥y s
A F 1 ko . P
FoF o1 F F F F R g F
EEFEEEFEEFEEFEFEFEFEFEEFEFEFEFFEFEFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFEFFEFFFEFEFFEFEFEFEFFEFEFEFEFEFEFEFFEFFEFFE R FERFEERERE

L]
L 3

lIIlIIlIlllllllllllll.llllllllllIIIIIIIIIII
*

>
£

>
)
e

E NN
£

E
o)

.
)
-]

]
‘2

FY

»
)

)

!
x:x:x:l'
a ald

)
o
)

o
iy i
i i

AL AL X

o

o

A
A A L
P A A A A

X

F
F
)
»
k.
)
X
o
X
.
)
F
-
M
)
o

]
xﬁ
.

]
FY

]
>

F
%

N
xﬁ

£

F
’?l'.
‘e

-
-
£
ol

F

-

"
o
i

:.!F"
FY

A
)

A A a0 N B 0 B _h % % _h_ 7 "

R

>,
i

)

FY
Y

o,
]
i

F

oA A

)

FY
]

N
vil'

Al
M

»

L

]

-I‘-l

DA N N NN e e e )

EE C BE N RE R B RE BE R N
Fy

)
o dp o g oo g o b bR

Jrdr e 0 de ke N ke kR
r ¥ b* b* b* b*b*l*}*l*l*}*l*l

X
L

N NN N
X kX N kN
:#:4-:#*#:4-:#:4:#:4:4:4'4
N RN )
SRR R

P Sl Ul Vel St U )
¥
»

N
4-4-4-:4:4-:***
)
4-4-:4:4:4
RN N )

"
"

"'erl-Jr
XX
)

AR
)

»
F
»
L
ittt

L]
*

44

N
?Exll'
.

FY

F
|

H
b

H
.

-]
EY
Y

o,
b

B T

FIG. 2

.._
¥R &
Pyt

x
o
.H:II'

)

A M MM N
E N

Jan. 4, 2022

Friends 14
i

U.S. Patent



Close Friends
Add friend 26

US 11,213,749 B2
Screen 24

o PP PP PP R P P PP PR L ; LA A A P P P PR X,

....ll u“lul..lul..llllllltlllllllllllllllﬂlllllllll—.lﬂlﬂl—.lﬂll £ -l.“..l..lul.. A N N R R Mo X o e

HEENNNENNEFN EEFE Il FEElEFElEEFEEFEFEFEEF B FEFEFE R FEFEEFEFEFFFEFEF B FEFFEFFFEFFFEFFFEFFFEFFEFEFF R F R R F R F R R FFEFFFEFF R R FEFFFEFF R FFFFF L FEFFEFFFFFEFEFFEFFERFEEFEFEREERERE NN

.l .l
i i e e e e e e e kR L ] ] ] ] ] ] L
o A ....”...u...". - ....u..."....... ....ﬁ.......... e e e e e
M e A m e A e s
e - e e
. A, n e
. o " e,

o
B e = e,

E N N X WO K W N KN E R K K N K K N K K N K K N KK N K K N N K N K oK K N X oK K N X h o ..r“" .. ..-..--.-...-..l.. .--..-m"“--.--.--.--.--.--
i

o,

L ; : L )

Y
A

T
h*bkhhh*hh*h.‘hh.‘h.-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-.h111111111111111111111—..-1—.1—..-111—..'1—..-1—.—.11111-17'11-11-1711 * FFFFFFEFEFPPFPPFPPFPFPPFPPFEFEEFREPFPEFEEFEEPPFPFREEFEFEF
[ oo [ oo ' [ LI T T T T T T | ' . [ ' . [

L
S
-

L ]

L L BB BB BB BE B BEBL G B N BL O BE B BE B BC L RC L BC B OBL O BL BB BE LG BL OB ONLOBC O BLOBL BB BB NN N NN
|

A A

II:I-
3

M_Al

H"H Ml

R
EEEEREERERX N
mEER R i
. R
i x

A
A
A
MM
L
Al
A
]
»
»
i
|
|
|
IIlIIlIIlIIIIHIIIIIIIIIIIIIIHIIII
]
|

IR R EEEER
- i

A

|

A

]
A
A
A
|

|
A
M,
A
A
Al
Ml
W
-
»
|
|
A_A
|
L
|

A
-I
M

Al

L]

Al
-I
M

Al
|

Al
F'!‘.. d

Al

Al

Al

]

]

A

A

ER XXX NN
EE R R ;
LR R R KR XN
. L

- WA

A
A
A
MM
A_N
A_A
A
Al
Al_
)
|
Al
)
A
A
A

Al
Al
A A NANAMNANAMNANANAN AN
.

A
A
A
W
M
|
£
o
A
A
|

|
|
Al
M
l-l
A
A
Al
|
>,
|
|
|
A
|

Al
Al
|
Al
Al
Al
]
Al
Al
]
|

b

A

A
A A
3

A
A
A
MM
L]
|
-l
Al
A
Al
A
Al
Al
Al
»
M
A
Al
Al
Al
Al
b
™
A
|
|
A

|
Al
E |
b
A

|
|

X
AR R
|

nn n

A a

A |

L o

)

MM

.

a

|

|

»

A
A
A
™
»

|
Al
MM
»
A

|

.|

|

p

»
L
ot

|
A
i
Mo N
A
™ W W
&:4:4-*
Teta
| l:l'
A

|
'I
Al
Al
M,
¥
X
»
L
L
.?l
F

A
M_A
?l:l:?l
A A
MM
- .,
e i)
0o
Jr"lr‘
A_A
A_N
L |
.?l.?l
|

A
Al
b 2]
X
i
|
Al

A
M
¥
»

e e g Mol M A M A e Mo M oA MM
L)
L)

e

|
MmN
]
¥
s
Pty
)

Sheet 3 of 19

»
X
I
]
F

FEEEEEEEEEEEEEEEEEFEEFEFEFEEEEEFEFEELEFEEEEEEELE
)
A
||
|

)
|

L
W
A
A_N
|
.H
A

b
|
Al

Y
»
»
||

]

Al
>,
M

|
Al
|
>,
|

I:l:l

“H'H-
A M
oo

Al

Al

H"
|

ut

'?l
>
._Hl!

|
A
Al
Al
Al
-

L)

|
Al
Al
e
Al
Al
.
w
LN

A
M
AN AN A
FY
A

|

Al

Al

Ml

E
ut
H-H
F
'?!_Hlll!
|
A A

| I-lll |

A

M
M
|
Ml
"

n
|
o
)
o)

b

|

A
A

A

A
2
L]

M
A
Al
Al
Al
Al
L EEEEEEEEEEEEEREEEREEREEEEREERE R RN R
A

i

A

E o i i

iy ip i
o)
a:a
AL
AN A
p_J

M A AN AAHEN
-I-II
A_A_A
III-I
Al
Ml
Al
Al
F |
F
.._.!?!‘I.
b A
A
A
LN

o,
L ]
|
H_N

Al
H?l

Ml
-]

Y
I:I:H
'n'n"
"F'l?"“
M

L

ut
-H
2

¥ W

M_A
Al
H-H
M
l?""?"l
] ._Hl!':l! o

A
A
A A

o,

Al
Al
Al
2

ErErEEEEREEEREELEEFEEEEREEEFR
A
M
|
b

L LB LGB B BB BB B BE BN R B EE BN

Al
Al
Ml
)
o

N e e
f]
|
|
A
-

A
Al
E |
-
oW
L

)
2

A

Mo
a a:a:n:a
A
AL A

Ml
|
Al
Ml
-

M
|
A
2
W W
L

Lt
|
A

|

|
|

e

|

A

|

]

LA,

)

i
|
"

|
|
Al
Al
|
L NE N
»
|
A
A
Al
W

A
Al
= |
)
»
A
A
Al
A

e
|
|
)
EY)
¥ M

EERHH’HHH!H

Al
Al
|
F
»
»
L]

|
A
Al
M
]
Al
|
A
Al
|
|
|

|
M M

Al

Al

A
]

»

Al

e
A
A_A

)
Lt A A AN MK MM KKK KK KK
A A
.?l
|

Al
A
A
Al
1)
M
M
Al

A
A
A
>
£
|
F

|
ot
Al
!H
A
M_A
o
-.-!-.
I"?ll
A
|
LK
Al
A
A I-I
3 4 | ll‘"

M_A
|
A
M
|
I |
™
. ':I!H'll' J
|

e e T e e

2 e e
|
M
M
EY

)

Y
£l
EY
™
™
Y
Y
£l
Y

|
-]
)
)
|
A A
M
" |
oA A A A e A
n

A
F

r g
* (%

b
AA A A
A
Al
L ]
|

]

Y

»
Ml
x
5
Ml
L

i i iy
FY

"
oo o

L L L L
l
Al
Al
Ml
»
L
|
||
A A
Al
A
Al
A

A A
‘2
N

:.!H:HH
A

b
;nl!g WO W W W

i

Mo

N,
o B
2

X

>,

.4”!!!!!!!!1!!!!!!1!1!!!!.

N
|

)

Ex

._._H._._ Cee e Hn"n“"

o xx o v ol . |

! .

e e T n"n“an

s
w x x a)

e I
o x e x A

A
)

»

»

i

p_J

L)

|

i

)

!
ol e et )
o,
)

|

"y

n
Mo A MM

|
XA e

A
A
Pty ty
M
o
o
»
oA A A A A A
T
et
PR
i i i i i
ar

-]
Al
A
|
-]
FY
o

A
L
Ml
»
L
Ml
W
2
5
Ml

Al
Al
|
M
o
|
|
Al
E
)

e

A
Al
Al
x
&
A
Al
Al
A
o)
F
»
Al
Al
F
A
A
|
Al
.
]

.
HIII EE HH!HH .
”l"l"lﬂl " E HH_-_HH HHHHEH
EE Hﬂu_. . HHHHPH
" .
x.
-

X

M
)

Ry i i e b A A
I-I

o

|
|
A
|
|
)
)
|
M
|
-]
E )
E)
)
o
)
|
LA
o
]
M
Y

F)
Ml
AN N

»

E)
»
)
X

L
Al

]

A

A

M

A

L)

AA

A

|

o

A A
Al
A
Al
A

E

"'H'll!"!l!.

&

L)

o

£ 3

&

&

A

A

N R N
|
u
|
2
|
)
.
»
o
n
|
|
)
p_
p
»
»
E3
L)
M
.

Jan. 4, 2022

i
Al
ilailil
Al A A
A
»
b
»
»
Al
A M AN
L
Al
|
]
Al
b
Al
- |
Al
o
F

L N R I N N N N N N
>

[

¥

P EEEEEER
X

i
)
»

X

o

L

L)
-

" ]

o

L
X E)
u

i X
L)

L)

i . W o o L o L s L L L o L i

e

x® F -
L3

iy »

F

e

Ll NN N R NN NN NN NN NN KN NN KR KK
N N R N N R N N R N W W)

XX [ T e e e
.1.._. H ._.H ._.._._“ ._.H ._.H ._.mmuﬂ% e e
.1;-.15.1--1--;--._--._--._--

.HF!:.H:.!FH:.H:.HF!:.! A a_x

A A Ll

U.S. Patent
Friends 22

Fle,. 3



lose screen 30

US 11,213,749 B2
C

o H.HPEHH

A
xR X
g

R
| | |
&._-._.._-._-._.._-._-._"._-._-._.._-

&
s
o
ot
o
ot

M
?l"
Al
Al
H:?l
|
Al
A
-
Al
I"F!

i
E |
M
M H"
M F ]
e
oA A ?l"?l ?l"?l A
E |
E | A
M E |
F HH

LN
Xy
o
.
o

X
A
M
A
M
HHHHHHHHHHHHH
E |

X
Ml
A |
H:H:H M A
HIHH"I" Ml
Al
Al
Al
F |

T
o
o il"?l:il
i i
LA AL A A
A
i e

L}

L L
x

NN

e

ar A

F ek ki ikii
L]

Ty Ty Ty Ty m T n

A
L]

E |
AN
e
.

ke bk ik ki
|

a XA

r
Y
A
i
i
o

E
HHH!HHH
_a_ A
o
e
HH’HFH
o

E S
.

L LN N

r
X

Sheet 4 of 19

L]

=

M
Al
|
N

e e e e e e e e e
e e

Al

"H

S

s

E S
o

o

)

X
Al
l__ Al
A I"HHIHH
Al
Al

LN A N
+
Ml A
Hﬂﬂﬂﬂaﬂnﬂ
Al AN A
Al
C |
=

aodrodrdr
|
M
A
|
:n
A
o
"

Fr ki
¥
|
A
Ml
A
Al
Ml
H-H
"HH
M
AN
.
>,
E
vil'

L}
M
|
|
M
|
M
A
H
™~
.

e e e e e e e e e e e e e e e

o A
A M
Al
A M
Al
-
|
F ]
A
gy
F |
FH‘I

A A A A N A
Al
)
H

i'*_l'*l"rl'

Al

Al

Al

Al

A M AN A
Al

Al
Al
Al
F
L,
)

X
M
]
F
o

L)
A
A
|
A
|
A
Ml
A
A
Ml
|
Al
Al
2

E |

Al
A
A
M
h_]

Al
Al
Al
Al
XA AN AN A
Al |
| x
h ] h_]

A
A
|
A
A A
A
M
H
Ml A
ey
A_A
A
o

Al
Al
Al
Al
Al
A
Al
|
h_]

¥

L) i'*_\'*_k‘rl'*\'
Al
Al
H

¥
i

A
A

A M
A

M
MoA A A A
A M
A

A A

F
H:H

i'd’?l

o

Al
Al
Al
Al
Al
Al
Al
Al
Al
M
-
]
?E"
H?d"
i‘l!_'l"

Al
.
o,
.
W

F

|
iy |
A
i |
Ao A
iy i
A
i |
2
-]

o
LA
L

Pl b ot o
|
|
)
|
|
)
)
o
e
)
N
i

L]
A
Al
Al
Al
Al
o

Hx?!x?!x?ﬂx?dH?!xi'd!Hxxxﬂxﬂnxnﬂnﬂnﬂaﬂnﬂnﬂnl

E
¥

F kb ir ki ik
A_A

A M

A A

E |

-
A
p_J
o
|
)
o
2 A
o
2 A
"o
o

A A A
h_]

L
M, A
A A E LA
3 E i

X
X
Y]

-
‘e

X,
A
Al
|
|
Al
x
-
x
h_]

]

F
o
‘e

e o e e M N N NN MM
]
]
h_]

i
-
i

x
r.r.xnxxxnxx.r.r.u_.x.
x”nwxxxxxuxnxnx n“x oA
P P PP g g g g g g Py o B
x

ALK
]
k]
h_]

XXX XXX XEXEXZE X
L X XM
EX XX XA XX XXX
H l
H
.r

X ar ko
-]
]
)
-]

|
-
]
.
h ]

ki ki
Al
Al
A
Al

]
o
x.

)
X
_HFI'

i

¥
Al
Al
Al
Al
Al

L}
|
M
|
|
M
Al
Al
Al
Al
Al
Al
>,

a
o
Ny
)
)
i

A,
. A A A
o L R o HC A

MM M N M NN N K MK KN

X
A O
N
H x
r

|
X

¥

a»

o
FY
a
Y
FY

)
F

LM
L

X e
A AN XX X . A ||

r.x.xxaxxxxx.xxx”r”xx.”u. A . _ . .. Iiluh “&&&&ﬁﬂ

EEXERXEXXERXEXXERXM
.-.H.HHHHHHHHHHHH!”H

A
]
A
k)

A
L
]
X
x
.
=
A

o
-
b J
Al

iy X x
-]
woe s et e e
e e e e e e
e e
e e e e e e

Jan. 4, 2022

8

U.S. Patent
Friend details 2

FIG. 4



US 11,213,749 B2

Sheet 5 of 19

Jan. 4, 2022

U.S. Patent

a || o u || | | || | |
._-ﬁ._- ._-._- ._-._-._-._-._-._-._-._-._- e e

x __.xx”.ulln_ ...H...H._..“.___
o A
o w NONU
o am aa)

w N &
e e
P o A

WU b o

__.n .
:uv. ....__..__.
..__.nnv.u-l"_ LR
e x 2l m )

R i
..n..nu.“._n X

i Y g % &
A

P i i
nox o
N W

E L )
LY Ea )
e

M i P
X L)
A MMM
E LA )
L g o x &%

. :laawunl". AR A

e e w x am LA M
n e N M At

|
x
|
]
|
M
!
')
A
n
)
A
M
A
X,
|
]
i)
h s
|
'
o e e
A
|
|

|
A
A
|
"
A
|
|

|
S
i |
AN
i |
i
A
L
i |
AR AR A R e e R e R AR A A A A A A A

o
o
iy |
i
A
W
i |
n A
i |

x
i |
n
i |
i i
i i |
n

Al
Al
|
o
o
A
A

A
A
A
H
A
H
A
o

|
A
Al
L)
L |
I |
.
MM
A
|
A
A
A
|

A
A
|
HJ
L)
X
A

A
Al
|
o,
A A
F
AA
o
.y
A
A A
A A
M

A
A
|
X,
L
A
M_M
>,
A
Al
E N N NN
L)

A
-I
Al
M
Al
-
M
A
llllllllllllllllIIIIHII-IHIHIHHHIHHHHHHHHHHHHHH
AAdAAAAAAAAAAAAAAA
i
MMM
A A A A
|

A
o
X
A
A

e e e e e g e
. 3
. .
e, e
o l-llu"r .lu" o llll lll-lllll-lllll-lllll-lll"l-l"- l"lll"l-
o -
n ll%..]\ ___...l...l...l.]H
/ R L L,
AN .. o x o
o g e o x
e e o g o . P e
i K A ] A K x
L L . L "
i P XA A e
o i 1 o R
i L 5 i c i Y EE R K
R XA A . o L
o i : i e
L L . L R R
" i : i o
o o 1 L R
o i i i, : i i EE R K
R A " o I L
[ i B i : i EE
L, X A . L R R
i R A : A o
o A A " L R
0 i ) i i : L EE R K
o . A W K A L
i I » 0 A A K - EE
L N Y ) " " ) L o R R
R - A A - " X R B - e
o R g A » " - R A o R
AW i i - . A » L ) EE R K
A i - A " " - I o L
Ay [ e i I R » » R » EE
o L L X x A " " () } L o R R
i - i : " - / - o
’ o L 2 A " " C " L o R
) o ) S I W : ) ) ’ ) EE R K
= x T A T A - g « " i o L
o ) » i R : » » AR K - EE
[} L N i " " () x L w R R
- R - i : w w AR A - o
* R R g A e o * x K a R
- o ) - L R [} o) L [} EE R K
Sy TR R R T TR A ol L « « i o L
o i) Fa i R i . » R - EE
ol L L L C L () (} L 0 'y R R
o R - i T i w S A - o
* R R Ly L k] L * x L aa R
- o ) - R RN K . [} Y " EE R K
s TR R R - A A Pl R " - ar L T L
o [ i ) i R R R ) ol AR A N EE
) L A L k) o x L3 L, At R R
o i - o o - R R R . " e e e
S R Ly I S P * s 2 L A R
2l ERE AR A A - moR A KA A ﬁ XK ) " / E X x EEER
Sl T T iy ol i « - i A L
™ i Cal " P ol Cal Sl / . - EE
oy L ) L Lol W [} -y ’ L b T R R
e e P s . P i o w ’ o - w o
* L LA I 'y o I * s " e A R
o i LN L - TER XX RN K o ) ’ Y a " EE R K
i Pl i ol i « - : I b L
i i i Cal i I R : R KK Cal . AR K x e EE
L ) L Lol o [} L3 L b i R
ol P i e D o " i ] o
M H._..Ha_”.._ naaaaaxn:”x”.. .4H._..“.___.__..._ ; "n"n"a" H “r”r“ .4”.__. H._q”.__. n"a"a“ana”xw d TH.-.... "n"n..nan
.._..”4“._...._ o o H.q”.q e .lnn“a"___ x n”r.”. ”..q” ...H.q.__. AN e . "___“n n x ; .q”...” R n"a"
] A Pl ilaaanxv_. * Pl R e R A
LN o T ol ol e -l X « [} i ] o ] X r
. ’ wx o A - ur R A e x ™ x i ™
e / Tay VA x ur * R . P =
b Lol L o Lol G " x Pl "
. Tt e X " « A A ) e - o
A ] Pl K P Pl e ™ el
L T, XK X ur [} i . " a " x
e Pl e e ur A Pl
e P o x ar i * A * e
Al i L ) ur o P o "
o AN o X ur i ; P e
b ol L e e e ) Pl
s P T XK X ur iy o ) x " X r
e i i e R A e i ur "
e A o x ar i A / P e
] Lol L ol N L Pl
: P N T T e X ur i R ’ % "
; ] ark A W R P L P
b oA A_AANA_A N o e N . R ] ..“ i naaanannnxnn.“"ln_ LA G Fath x
S o x o x R o A R Py e
] ‘ ol L L N o xa wm ) L N T "
e i u e X ur i O " o
] : ok I R NN L i
s x ; ol XK X ol ER R KK T ER xRN ) x
S o X i L I I R R A A Pl [ e
L " . Ll r x s A A R " x
] R K X ol " x Pp P o Mt L Pl
P " . wr o ’ ' i P T A . "
R ol X i o P i R M N ar e
: ) Er L o XK Y x Y g T i ol x
e i X Py i ok iy P R P
: P e L P Y x A A K W e
; Pl y R K X i " K ol R o, o Mt R KK Pl "
: P " A u * ' i W A K . o
: Py e X ok n R g e L R
X x A Lol x w x [ Y w A KA . RN X r
e o X i ™ R T A T ™
RN " " u Y e e A R K e
L, R K X x e R P R R R K X RR
R KK " " x i ; K e
o e X ™ ol ] R A A R
ER XA K x ® x W R . R xR K XK
. ; | ;
R R g i g N g g g Ry
" ol IR a
R
R x
i
/ x
"
x
x
"
x
x
"

|
A
|
M
A_A
M
|
A
|
M

A
Al
|
Al
L
»
A
A
A

A
-I
A
|
Al
H
M
A
MM
E |
A
AN A A A A
A A M AN N
o
x
A
|
A
|

M
M
|
L

b
A
A

A
-I
Al
|
|
Al
M
A_A
M
]
A
o
b
Al
|
A A
M

A
|
A
A
H
A
L

|

A

Al

L)

N

x
LN ]
|

A
M
M
A
A
A A AANARAAAAAAA A AN NN A A A A N N N A A A AN N M N A A A N N N A
A
A
A

||
A
Al
)
A
|
A A A A A A A A A A A A A A W

Al
|
A
x
s
A
A
A

|
A
A
»
X
a
|
|

A
A
IHI'
M_N
A_A
L
L}
xx
,r
»

B

L

A
MM
W
XX
err*
A

A_A
¥
LN
AA A A A A AN AN AN AN A NN
A A
|
A A
M_N_A
II.I

AL A A A A AN N A N A A A A A A A N N A A R AR K K K

A
s
s
|
|

A
|
A
[
r
»
»
FY
b ]
™
X
||
A H’:a e I T N N T A N W N o
¥
FY
A
A

._1 .
R Y Rl gk M Ay s e A AR e
e KR E L] L) i & liawtlln..r............
X RN ] ] ar EEER I NN
EER ] L] L L o L] ir A & & &

¥ |
i e E K e lallll..... LG L

" - Earal )
e A
i Nl L )

A RN

r
M
|
A
A
=
x
A
"
»

¥

n

n

-’

n

i |

n

A

b ]
'rlr:lr *a-:ar "y
)

a

m_n

|

LA

A A
ol
Ny

m
k]
m_n
|
Al
o g g

g e ade ke
r

L
M_A
A
ot
n

i
Jrq_
»

»
|
HIH

LY
Ly

A
A
L]
L4
A
"

Xk x kx
¥
|
|

r
L]
M
»
»
»
]
‘#
I-I AA

A

r
X
|
|
|

a
Pl
n

A

i
Al
A
A
A

i
L]
f Y
|
|
|
|

L
EN )
»
»
&

A
A
A
A
A

|
A

i
L]

| iI-iI-iI

LY
ut
“I
-]

o)

i
L4
s
r
a
|
A
|
o)

™
ey

e ey

r
R g P B

S
i-l"“ ottty

lr:'r
)
L
&
i
¥
|
.

r
L]
»
»
r
»
»
I-I-I-I A
A
|
e

L4

o
PN
E )
NN
L)
X i
LN
o

&
n

a
no

¥
PN
w e
ERE N
X BX
NN
vt et
T
L)
L
L
|
A A
i |
o

»

"y
"y
L
¥
i
i

L
L

A
o
AR

X ar X
A

L]
»
|

s

"k
v
NN N NN M)

N N

NN M NN )
W Tty

r
¥
N

r
AAEE N

F3

Tttty
R A AL AL e

||
‘i'-\:.'i
EHHI!HHHHI!I!HF
R e T S T

L4
s
LN L
»
»
FY

x4
A e e e e e

i
L
]
L]
F
L]
*
Jr-

el S y
L L I L e o Wy

_...,..,:..:.:.....““"..ﬁ..... = .
. ..""..."............... g ........._.“ e
ST

X

i
*

v

»
K
™
:-:
)
L
O

o nnn
e,

B . .

L N N N N N N NN N NN N NN NN .l-.ll.llil.ll.l-i-.ll.l-i-.ll.l-i-.ll.l-i-.ll.l-i-.ll.l-i-.ll.l-i-.ll

Gl .._.x..x..x..x.
A AL AR AR

-.::E':-.
et
by

s
L]
L]
e

An

a,

o

Il "t " el T el el

FIG. 5



US 11,213,749 B2

Rt
i, o ::::
e e e e e e e l|l lll AR T aﬂﬂﬂﬂ.ﬂﬂ.ﬂ o i e i o
k ) [ ) [ » II_II. v W -.“___.__. % FA N ____.“______.H
% S, .""".."".”m.”....""....""""..""..w..""...".."."m..m..".“.mmm“ e R A A A
“!H.... . EFRENEEREER -_IIII IIIIIII..II_I-_II"II EEER l-. EEREERE
v ; e i u ol
- e I o el e e e e e et Ay
S S T L
M N el -_-...-_-_-_-_-_._-_._-_-_-...-_"-_-_-."-_-_-_ R R R "n
. .lﬂxlx '- '"' " '- » ] L} -' "I' [} » .'""I-.'.' l- lI l- l-hh % h l- l-““l-l-llﬁlllll
.-HHIHHH K .."- "- '- " " "-.-"- .' .-“““" ‘- l-[- [- ‘- [- [- ‘- [- ‘- l.‘.!. [-‘-!-
. ; s e l-hhﬁln "a e ey
.ﬁlﬂlﬂﬂ ;! oA I" '- -I'"' ""'- '-.'".'.'I- .'.' lI l- l- lI l- lll-l-lll-l- ll l-lll- K ER
; .__...ﬂna o L A e g e
””.l.-_.ﬂ“m “”“H”““”_FF a2 -I o ”H”'"""""""III-I- [l ) I'I_”""III_ ll llll llll llllllh%% llll““l"ll llll%“"lll """""""
Y A o ol e e B Al el
] 'y . . o NEEE u
WA X "-_-_-_- g ey xx” _-"-. L, o “n-n el lll- llll " Hii - -.--.---_4.___ ll%hwalnnl-l . e
Aoty _-_-"_-_-"-H_- b ...wﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂaﬂxnn --"--a.nun“a"a"l"an"lnn EEE . lll- wor e e e e “nll e » l-.-_-"-"-_”|”.___.4 lIllll ."a"l"l"l“l“"ll e “n"l"n"
‘ Yata N e ey Tt P A A A A A e . AL e
oo o A R -ih- ll.i parale e A R o e RR
o .HHHHHHHHHHHHHHHHH e I"‘_ uﬂllll EERE N NN et e At e III.II'I ll ll o e e e !
R w i T e ! _._-- s o, Al L - roomERERERERE LK
e e ; h " n L, e, e A R ) e ‘
v R R R A - I-.-I l___ i L, o' " III- . Illll:. l.-..-_.-_.-_.-. ol I-. lllllllllll!r. R P . o o Illllllll o Hﬂv.
w .HHHHHHHHHHHHHHHHH R I' - ”HIIII k. l-l-lll-l-ll = I'* l-.. _HIIIH M ) iI"' IIII X EE A I"-"-. lI b ] "-‘ R R lﬂﬂﬂﬂﬂﬂ?ﬁ?ﬂ\ Il R lﬂlﬂlﬂlﬂl Hﬂv-
R . LR o » o e ill- ey ; o A s P s e
A ) e e e ; " A e ey o e e e e
o R R R N e Ta'n - -.IIH N o w.-_ - e EE e CE s et pL e xx nr.v_r.v._.llnlan e
e e e l-_.r-ll- e LN X llnﬁli e le e e e A NN e -_-Il-lll-. atat e n e R e
o i B mE s lll- b e P, A . b X . M) o e e e " .nlllllnllall R
i iR e lll N A ats e N e e w e e a ¥ T e e
x T e . l-..riln. R e R T Pl o ata e e N R e
9 L .....HHHHHHHHHHHHHHHHH wielels .”.uﬂllllll " s lll- e w LN KR RR ER A |Il_IlI- e e Hllllﬂu_. e e - atatat bt lllllllnlﬂﬂﬂxﬂﬂuf_?v.nllllllll"lllllll e
....H.....r ....HHHHHHHHHHHHHHHHHH e ._.maalna"a “.riII- _Ha"a"na. wiatat e l.-.i..__ | alilnllaﬂ --_-l-_" o A e el TR -_-"-"-r-. ._._.4._...-_.-_” lllll:lﬂ:ﬂﬂﬂﬂ#ﬂﬂﬂv_”v.nllﬂlﬂlﬂlﬂlﬂlﬂl"l “Hv..
1 ............H ”...“ HHR oo " -I-____ L I-_.r m mﬂlnlal". ....H...“.-_ L “l"l"l” ot “ll : e Al al e . l"l"llnlﬂnnnnxxxnv.“I"l"l"llllllllll HH”...
- A oo e e l-..r iII- G A L gy ; BB ] R A e
T N - A " T o llnaannx.v_v.alnlllllll =y
o g o g g oo --"-_"___ .”.“n___an__.na o lll- . .......H.q.q....___.___.__..-_.-_.-.n_- a llnln"n B " ; 't nl"nlanananxnnrv_xv._.ln..l"nnn._lnnanal X
f ; e .“”n"a..__..... o _._-- AR hq#m._q“._q”._._u____u_.__-_--r ey _-"-"-_- m .___”.__. ety -na"a"..”nnanxx_.._umu._.annnan“n"n“n__.nan nn...”..
T .”.mnll“]ll R T TR ll".rlII- _“I"l"lll .r....-........_.._....._.-_.-."l"- " lln III-l-_" e .._.-....“.-__-. o lllllalllnﬂxﬂnﬂv_”v.nllﬂl!lllﬂlll"l"l “Hv..
x a__.xnr "-_"--_” i -_-_.r _._._--"- mn....__.an"n"unwhq....ﬂq...#.aﬂa...f.q.._a...- L, e ‘ e -"n“nanaaannnnn...ﬂ....“__."n"a"unannn__.nan na”...
0 Hxxr. |I l-_-_ “n__.an-_. l-..r lII- .Hnallnalal e l-_-_--_-l-_- ; .._.4....._.-_ ey lalllanxanﬂv_v_v.nlla - __.lalan__.lal an..
i . o .-"“HI?.- r e L BB ; [N ) EERERERX R & EEFERERER X
s W e m R
Do el . S Wi e e e “.., n""-- .“a.."a"__.n..nnnu : u "“l-l- “-"""-"-_-_“ 4u...“.._“.._u"_-"| "-"n"a"n“a”annn”m”.."n"n"u"n"n"u"n"n NH'””
6 Hh.!“knrﬂﬂ e -_-"-_"-" L 3 W o e _._-l- mna"a"a"n"nanl ; = o Y aTureruratutel e e e e gl
i, . . .. L '-".-.HI’... i [] Hllllﬂl- ; EEE B Pyt -l-ﬂllﬂﬂﬂ.v.-l-ﬂﬂllﬂﬂlﬂ "y
Pty .l!.lI.lI.IIH'"‘"I g T .x”x” |"IIII___ g ”HIIH-_. l-..rII-. e : " Il_IIII-. P g R R
....r.....r....r....r...........-..............l-_I-I--_ ) . " e e A l-_.rlll" .Hnllllllnllll-_“ ; oa Pl lllllllﬂlﬂﬂﬂﬂ!!nllllllllﬂlllllﬂl X
NN NN e al . o N - .“.“a__.an_._“. o _-l-_ AR -_. - Mol - rX) _n...nanxnnnxnan .
t Sl et A M -_-...,-_-- AR . e SR A iy~ A R e
..' " ." .I.-."."."." '""I" ot L -..-.. e HH’. I-' " .“-“HIIHI. I-' ‘I.- .ﬂll“lﬂlﬂllﬂ! Ly l.}..ii . .l “IHIHHHHH””ﬂllllﬂlﬂlllﬂlﬂlﬂl H”v..-
#H##k...#####k...r#rw-'"-'i : ) v Hx” III"I P e ! III- ”Hﬂlllnl"lllll'm ; et e " .IIHHHHF.HLn"lllllllllllllll HH-_.”
A _ ‘ PN --__--_ R v 2N _-"-. g -_-..r-_II- o e ; wratal. . | e S
Pl el = - ; ) ol ! o EEREN ; g ..lﬂH.ﬂ..lnllalln e
ey e e m e o s
i E R e e -_-_"t--_""-- SRR ; Motah e e e ol
L & |l X ! o ;! "R E : w . . " . e g
S uun. e ...._... T, : b ,."nnnnnunm“"."."."."."""""" .
ol -- A ._..“__."n” 4 -_-_.r |-l" n“..ﬂanaa"l"nu! - : s ”....H.qw_u_-_.-..-.!_..lln-_ ."__."n“nnr.x_.a"n"a"n"n"n"n"n" o
i B > AR REREREREN ; I_I-. S . . . IHHHHHIIIIIIII HH.-
' HRH II'II .-.HHI L] I'.r.III .HHIHIIIHHIII - ; I'I"I_I'I_ I-. .....;..-. . i Py Il i .Hnl!lllllﬂllll rr Hv..-
S T .”..Hﬂllr.“ “.rlII- e : S ny . .._..._........._- - gt i lllﬂl!ﬂlﬂ#..r.!nllﬂlllllﬂlllllll T
e .”..nnanv. - lll- L e k o g ML A aaaanuxr.n_.alllln s
e .r_-l- e e i S " P i e e
HHSH I" " ..-.HHIH / ; “‘ l". X Illllﬂllllﬂ.- 'I"IT l..:. Ll N o - Hﬁﬂﬂnﬂllllﬂllllll "R HHU..
L~ B F Pty . X g ; g = .t . R R KL KK L
e _ : m% Attty e Satutetatets e ..”..”...." e e e
XA u-" -_. R ! o ant ) - ._-- “naananaa"n"a_.. A an -_-_"-. -"-_ e _rn"n"a"a"aana SOy -"-_ - .Fﬂ.__._r..__ " = ..na..__.uxnr...n".."a"__."aua-_.n..- o
o e e ; ! ey Pl ._-- o A eaty e m...a..nanaaan"n..n..nnn-n-n--l-l-l- s arraya el ..n..n__.nxxr”..___.n-n..n-n.."nn__.n..n 2T
xxxr. _--l"-_ ._...nnan:”n . . P ...............4_-_- “.r -_II- .nnanaa:aalaa i e Hﬂ:ﬂﬂ:ﬂﬂ:ﬂ T -_"-_ » ....._. .4.___._..._._.___.-..___ nnaa__.nxnr.nlnalanalauanannn -l
K HHHHF. "'- b Hﬂﬂu_ " ’ 4 .EHEHIIII o » .:.}..:.I." 'I- ‘-.. .Hﬂlﬂlﬂlﬂll Er am " I' . HIHIH X Iﬂlﬂ _llllllllll-l- .'"' " .:..il.l. l Yar K lﬂlﬂlﬂ"ﬂﬂ?nﬂlﬂlﬂ KR IIIIHI Hﬂv.-
i ._.uunanv L gy Tl "-_ P T e T e T " -_“ aorA EEREREREREEX =
¥ AN XRR e g gty e a .-_-.-_ R e " ] e A . o
% s 7 S e pine i ”..m.. s e .. 2N e e
-nxn i o S G " R e i R 2o iy . A - e e e 2 . e e e e nnv..”
s P S AN R R K R e o Oy ) el ind Pl .riII- A e e et . O e R
uﬂx” T S ....”HHHHHHHHHHHH T, e e .____v - o .rlll- T R A it - ll.iI i o N
T g e e e . I B R, -_._..nunanaaaaaaanaaa...._.-... : P e, g PN N e e e
R ) . L o aea pn lﬂlﬂ:ﬂlﬂlﬂ:ﬂlﬂlﬂ E P A s .Hl LT A Ill- P e ettt T B e
K Huq " R R HHHHHH! L] [ x Iﬂﬂﬂlﬂlﬂlﬂlﬂ e lﬂlﬂl. .;..'Jl Mo F K . ﬂI .:.l. ir “‘ ."" .HHHHIHIHI L .. I-.' ll b.b..-.l.l.l.ll.il - i‘I » Ilﬂlﬂlllﬂﬂﬂnll EERE Illllll Hﬂv-
o AR A |"l e e e e e R R w o i B Tt II-_ e e e e . PN A Pl ¢ A
X N -I_.._..naannnnaaaaaanalan.t...._... o [ x el o PP M llananayanaualanal o
e Pl A SN s e e e o e e N "".r -_-_— e e B e ey e e i
KX R g N T i e el e -.-.- X e P e e e o
i o o L e e e RN e e -_-l- N Ty e e e ™ e e e e “ .
o .HHHHRHHHF o ._..Hﬂﬂﬂlﬂﬂlllllllllll R " v v -HHIHHHI P Illllll:llllllllll o
E L S A e e e R A AR R R Pt > . e o .-_-.-_ X . R e sl i
K ?_1 -.-.H XA XX HHHHHHH * -I' LI X Iﬂﬂﬂlﬂﬂﬂlﬂlﬂ L lllll y .-.i.-. e FErEErrE NN " .}..-..l. * I' IIIl" .HHHH II ll . .-..-.l..-.l.-.lll.—..-_.-_l_' [ Illﬂlllll:.nll EENE Illllll Hﬂv-
uHH. > I I"I g, T HIHIIIHIIIII " - lllu_”nlllllll - ar " gl T T lII x ’ ......_.-..-. Pl M P R T e
o A -__.._..nnnnnnnaaaaaananannt.._... T T . ot s e i ,4.44.___4.__..._.-_.._-__--_ R e e e
o e e e N e e ety ) .q.__ﬂ“ u._-- 2 S S S e e e e e e X -
b L T . i g v e _.,..-. T MM e e S e
mx.r.. o ”nnnxnuaxannx x x T, e . -.-_-_ i ..-- E P e e e R e
X A L . B AR o 2 a et Tyt R T R
u..hr._q i oo R Inlnnﬂlnllnﬂalll s Yty Pty - ll-_ gl g ....... ettty e N R R R RN Hv......
LA, B e R e . N o _r-.-I- o g Tt e e N, "-nnn___ T e
Py o _-"-_ g, T N - ' A -_-l- e At e ettt o ol e N
o R R R e Ay A L L e o " xx) ALl MM s s e R R
o R R A e e s R L = L L ALl atan" e -
K, w X e X X XXX R X K ol . ' xR & % R L
- : rieinisirisioln e S 2 R e
¥ T o "I""" | 3 ...u_.HlHHHHHHHHl“HHlHlHIHIHIIHHIlIIIlIl"llllllIlllllllllll"l"lllllnlllllnl! » wtet - l"l"llllllllllll T
" XX R X iy |l R XX XX RRRER EERRERRRER EERERERER -y e n_._ N
K e o i L » o R R e
= —- : S .h-u--un-un._-un"-..m..”. ”....,.._..n.“mnH."H.n”."H."“.""""n"..n.."n"""""""""""""""""n-"-"""""""""""""."" e ettt e
l-"-. II- I""l"I-_l-.l-. . A A ..._“m..__m..__m.._“m..__m..__m.._“m..__m..__a.._“n..__au.a”n”a”a”n”aa.al.naalnl ot l"H“a"n"a"l"n"llalnl HH”..
. 'I' -_I -I e A e ot I'HI e Hﬂv..”
n " ."m..""..u"""............""“""“"".."".."".."".."m““.."““.."“ ettt o e
e FEFEREFEREEEFEF e L, o R i
e e, e A : e
wrat ettt ettt _ "...........".".n." P !
e n i N
"-_-_ -_-_ : " " " "n"n"nnn nn__.._.”xnxnu
- 2 e e
ol e e e it
Nt s e e S
o oA S S e o o o L Rttt R e winle ul ._-u-._-u-._-u-u.-.- ._"u-._-u"._-u"._"-u s “
............................. I I N :”.m:”.m..m...m..m..mmumw....:..:..:. AR P, Mo . --r.-"._-- ._-".-_"""-"""" “

- .
v N L~ 2
LN LA .b_ ~ 00

U.S. Patent

FlG. &



-
=

US 11,213,749 B2

A S R R s .
. . A A T e A A A A e " -1_”.. e e e e : r
0 N N N N N o A M M M, a SuSutatututatntatairie - : v
. P oo a e R e
_ e [ ....“h.M““"..“....“““““““““"..““"w...“.u..."..."""""".......
, ] ) ] | || / |
: el |l L . ._-_51%._-._-._- e e e e
m- I' 'I I' II_I"III_I' II_II_I_I Il_ -I-. 'lI_ III_ III.I"II_ » II » I-. II I' Il. II I' I-. II II I' ll 5% M ll llllll llllllllllllllll ll l"lll"lll"lll" Ill.-I Ill II lll
™ T T T Ty i e
4 |} ] IIII'II'I_ II'I'III-. l'II.I'III'I'IIII.I'I'I-.I'II ..:”.-_ llllllll llllllllllllllllllllll llllllllllllllll | T H |
2 ...""..""..""""..""........”.u".."..“""“"".ﬁ"".ﬁ""“...ﬁ""“.ﬁ““..ﬁ.mmm“”. ._.\.“....%L“..m._.._.u..“&“u..u..“"__..u..._._"“..._._"..“"".."""".““_“%"H""H"".. el -
a ol e e e e e it o u e . -
o e e e e Y, IIIIIII""I"I I"I e e o v e e e - » % .
ol e e e e e e e e e e e e e e nl -_-_ -"" e K T R %”. > "-.-11-1_-_-_-_-_4.___ e at e
o™l e e e e o x e e "-. i -.-._. CA el e e e A -_-.--_-- A . I-_-_ L
ol BB A X R el et e KX ooy e
S " ) P e u l-ll? el el al e a e
o ) -_""-_ R M -.-_-_-_""- L e -i-. R B n s
i il EEERNEEEE . L iy ' = ) S ' e
. » " ol ) L -I-.-- .____-_.__..___i_-_-_- N X X XA A A -_-.- e e - -, | lli“- L e M, nla l-.-_-.
ol i Ao U ] N e " z o o » i »
"n Pl o M l]a o n i A a o a el e e e " iy ll" . e e
n ) Ty o e a e e B e -_--. e ) R i
s ey 2 u-n..__ﬂ“u A R MM M ....R“nanxr..._x elel) “: e e e N -_--. e . L o >
o' -_-"-_ . " .._un:m.._..p.a“nnanvm._: e .___“...“_-”_-”_-_.._ > e .l"aaaxnx...m..._x ““-_-_:. xaa"n"n"n"n"l"a LR “nan"n"n-nla ".-” II-. e l ol . l-:...mn__.n.. g
X el AL unnxnu”_.““ --"- D e al e e il -_-.H x“aa..nun..n-n-nx EREPE Tatutatels) I-_-"-_-.._ R R e o g ax -_-.- . l"“"_..”xa r o
X et e .u__u_“: L g Tl .._-u-r. ™, M e ] N LN u- l-_...v_n__.n.. .
X . Al e e o el St aa e e Ce e e s -.--. "o w i "a e
. o e e RN e oo R R e, REEREEREE l.q..ll-......aanlnnlla ) ll-r.nnln o g
* gy i R A A T 2 o Ml g o al i n e n--._._ e TN ) R E R L R : ututey
[l T T e R -_-_-.._._ R R -_._._-_--.:unnnnnn-n a R _ ey e e
" I_I o, llllllllﬂ!ﬂﬂ!v.vui I_I II .-_l..-.ilill" IIIIIIIIHHHRHHU.! II%:. HHHIIIIIIIIIIIR I-. III_I o I'II.-_ s Hlllllllllllll I.-.lIIII. W”HIIIHIIII e n I“lll:”v“ e ; ; . IIIIIIIIIIHIHH.-.- L
A g e l"- e R i g gy E i -_-_-._._n-""-_'.._ AEEEERR N -_ll-. o -I-.I"-_ g R ; B = e e e
i - ) s L ) . 2 R R R = - AEERERR L) e L e . s P ! .. e e T e o)
o ) -nnna"nnanx”x...: SRR e --nn....an“a”aun....x -_-_-_-.._-_w R EEEE a o el el e e e " m xuun..n__.n.."n"un-n-- u o -l-l-_.,.”.n__.n.. g a..__.a“__.auu...annnnnn__.n..nan__.ana........ ;
1 2 e N T A PPN e P e e -“""""H e M el o xR N -_-l-. e ey e ; s ..nannnr.u...nnnnnanun..nan__.nun...w..”.
- | o e g e e e e
ey ) -"n"n"a"nnn”r”_..“ -_" Cal 4.4.___..__-_..._-.-_"-_ lInnnaaanaHaHx”....H e S e -_-.-_-_-_- - --.._ﬁ.._ aaanuanannul-ln-nl-ll- ' -__-._._-_--. nunaanannn"n"n ) _-I-.-."-_ T 2 ' e ]
ey o kBB WA e e e e aln e e e e "ot SR R . T Sala -_-_--.4._._-1!-. o -I-.- " o 4 a . ! MR AT e T Yy
" 3 ) e o e e e o AR R ... o ™ ﬁ AR EEEEE RN Tern ¥ o g e Mok e g ) R A o
) N A e e A R aaaa n  T a ar al e s s R el o -ll-llll e e e ", -_I-_ W et O e e LR e, e e e o
f o P g L Pl g T o e o i e u e e o ' T R i R " u e e e
"r e, et a R —r x x el e el -__--_-.._ﬁ.._ e e n i e "“" e Turut o AR ey 7 r Y . Ny .
g ) L a mm w ww xx x A Pl o AR . e T ey e ErEr ey ud [y o ) B EEm AR el
- e o L A e e e A e e e, e e e e A e e e, "u B T e e e e e e
« “nfE) . e e e o II-_ e e Fata e - . R e i v...“allnlalllnlalalnnv.. e
o= T e WL L MR . B T T T e M e e o N o X L . AR . e e
N 3 e T e T e T . = e N o ﬁ AE A EEEEE S . e - o e e e R " SEEERR o
- ] e e T R LN s ol R e e e e g m nall alal el II-_ e e e e e e et R R NN - B N N T g il el el
il P ol S e A R I e e e e e e e e e e T T el R R e R R R )
-l o a X L XX -_-"-. L G A e e R e o "-. L, I-_-_.___ R R EEE N e e et s III-. e e ! o L e e o L ..nlnnlanlnalanaannx. ...
i 2 ) IR lﬂ:ﬂﬂﬂv_rma "-. i, AR e e xnaalnllallnlllll llll"llll e -"-.-|I-Il-.._ o II-_ , nl"aaalllnlalllnllllll el ol aalnl N lll-. w”unaaaalnlalll EE N » ; A P T T T e T, llln__.nnv...alnnllnlnalanlnnxxn.....
- - o 2 N T XK R KK ] -"-. iy Ty L o ul el el el xaaaaannanannnnn -ln-lllll- "-_ e ety _..-_ I-_-..___ Ko e el a i -_-l-. nua__.a..__.aanannn .".naa:aa:nanannnnnl-ln-lllll-ll e e e
X i . T "-_ . A e e e i e . -l-l- N I--.._ T e e et -.-.-. AR EEE R EEN R R R e e e
L NI e o x x nl_nCnl nlal Ol aC M A A " (a g e el R T
i, e % e e .q..q.q.._.._....._..__._.__._tm x .-fu._. e e e g g T g i gy Nuan i -_-_-_.._ N " i nl e e AR R R .
Eo i A T e e e i o L o N O o e L i BEERE S EE A N a A ) . lnll-lllll- P e
t el ot e  aa e A e S e e e e e e e e "“" SRR e e e e e e
b i [P i o o e ) i & R R A KE R ERERR it 2 III-.I-.IIII e e onl o e ) e e A
o ) i e e e L -I-.--_-_-_-.._ﬁ W e e e e e e e
e R e e e e i R T T .. " » ) I-_-..___ G sy s R F .___-_Il-. R wo e e """
e B e e -_n- [ ....inﬁ- e M e el . -_-.---_-.._ M e e e e o ol N ._--. SR R ARREEEEE EEE] afalts
3 ) A e e Ta PR e e R . A %.._ e n--l-l-l- e -__-.___-.-l-. o e
o W anaas L S N Pttt e et L e o e e N -I-_ XX R EEEEREEEN ety L s s s ] e
T i AR e nnannnr.f o . ] A L iy e e R E RN NN S -_II-. o Ry A L . ey o """
e S e e e N M o e e e e e -_-.-_-_-_-_---_-.._-_--. XK gy, ; - i
- g T tarems e e T et e e e (Sal ) A . -_-_-_-_-_-.-_-l-....gnnax e T e ol KN i i
i By B L M A e N e o e e R e el --.._ﬁ R R e T e AR e e A e e e e
i N EL e e o e e iy ._._._.._ E S " LA .. ER e E e e nn e
T e e ) tatate L L. R A I N e s "l L R e Pl " n" lll.ll e n T T A - R R s
X e e e e e T T e e o T e e R ﬁ R N u aears ._--. ) e e e e N e ey
] " AR R % R P e e e A e e e o -_-_-_ M R e R L . g e e e e i M R R
w e N e e e oo M A e T - B R " -_-_--.___-_--.:unaa B e e e ) e e " n"
e e, . T I"- .........__..4.___.__..-_.___.-. -._._- llla AR o R E R . o l-_-_-.___ h& e e e I-.-_--__—.___ III-. w”uan e lI n ey et e o n___lnn EEEE N
g A e T L e R -..».r B e " o L EEE R AR RN e -_-l-. QLN Y e e e e et s e, e R P
o L) v oty i et E R XX N ) W T a . o -_-_-.___ﬁ.._ o ; e -_-l-. o O, ~ v mom w o n o ol e e e e e n" : i
ol oM LTI e e u BEE A uuanlaananr._.._-_-i-.-_:. AREXREERTRE A ] I-_-_.___ R R - ol __.lllllll -_I-._-_-_ lll.:v.naaaaanaalnnllnlr ' . " """
.._._H l.}.} - a l.l.l.llli.l.'.l.l. ] IIIII L '-."- l.b.l.l.liil. “"""." R KK X .'..I-I. Hﬂﬂﬂﬂlﬂﬂlllllllﬂ HH. > ll .. " "'i - HHHIIIII R "i.l ."I. .-.F x e » ""I ) ll lI MR e R K IIIIIIIIIII L D ona - -.H ] Iﬂlﬂl IIIIIHIIIIIIIIII l-
b i " A e e ........-_.-_...nﬂ.qlllllﬂlar.vni A e s Iiﬁ e e e e -nlll-.....nﬂll . " S G - N
) - S .._..._..4._._.___._._.-_“_.."_..-_- e o R e B B e II-_ N N g . EmE R e . u.ﬂ-. e e
T " i e e e ) LA o x . A oot " e R o Rty - A N A e IR R R
> s » Attt o O e e e e e e LT N e e R T T e A e e e e T -_--. B - N e e e
o s n o o T el -_"-." A W NN xw x T . I-_-_ "l-iﬁ.._ e . .._III-. e B " i "
e BEEREN kAR . . lnannnxx”x o, T g N e ) oy Il-..___ "R R -_II-...unna T a e T a a g
s v, B R R R A A --_"- e a by N e N " e Wil I-.I-. o ot R o
o o e L i T R T e o e e LR = -_-“"-- X x x -_--....n.. S n e g " x
i, el e I -_-_-"." e s gt a N ey AR iy o e S g al nl -_I-_ e ! -_-l-. o e i ] L
. EEER RN e c RN, nn.."....__.mx N A N sl -__.n..nnaxx -_-_-_-.._-_w e e | ) _..-_-_-_...._ L ._--. e e -l-l-n...”n"anx G
o aald . [ aCal - . n"........_._r.x R R e -"n"nn..xx S W -“-"- e il -_-_-_-_-_.___ o -_--. s TTael l-l-_...wn__.axn s
_...g ........__ Ll -- -_-I-_ u_. .......4.4.4...1...4...4..........”..._-_ llanlnaxx I-I-_l-.I .r........q.._....._.an Sl lnllanlnxx Il-.l-.l-.-_. xnnnlnlaaaanlax L ..1_. e, llI I-_l-_-_-._._l-_ N HHH..H x.#nna l-_ I-r lll M XN AN x
. e ' R EE R R R e N I e e e e e o II-..-HHI i Fat llll!v.ﬂlﬂﬂ.# L]
e L e i e T ey -_-I" ) i - A e E alll- ] R II!-. o3 I-_-_ e .
L R o R e S St g P P P aa e R A R A K A l-.-_-.-ﬁ.._xnaan S S e .
" -_-_"-_"_- s nm”-_--- L ol N e “_- %.._ e T e e e e o e e e a o e "
e e s al el e e e e e S e e e A a2 AR o am w -
n -_Il-. S Y  a a'a EwE ] -_"- T Er e N R e R R R o I-_-_.___ o o e w
X o L alannl el el al e T e g T i L W - ) Ao, o™ N R g, Yo e
e iy r“--ﬂ- o A aa Rt llalan__.v.u --_-_- .r.......__..q.__..____-._-. L -_-_I-. N e R L R e e M x ' T ..alnnlnnanalanalnnv”...
A Ll N R e T A N ) Tatats I-_-..___ A A R . .....qnnaanaxv...nnannaan......
A e i PR _-_-.----_-_-_--_ 2 o -_--.- AL AL e e e e e e e -ll- = Wi " A ; ; o e o e R e
= M . T n s e e e T e e e e e e e g i i ] oy ﬁ; T et : s o o i
s e aaal - A, ﬁnﬂ. R e AN XM l"-nnannnnv. o i e el L N - . g s lll-:_..“n__.axn w
Py R e o A T e e A o O o . ? ol x
Ry e e o -r"-. s ratatay e T e [ . aha I-_-_ W o . o .
al e e e et TR e e T ey e e N T B ; e x
* g o o T T e e T Tt g e g e M 2 R R R R X e e xR K ; ; a3 P o
X FEER R R oy v e e ) . e e eyt gy » .___-_-_-_-_-_.___ x o ; o e
Wty e A O T e e a Tl i e BaTT A o . e __.
x e > e iUl e el L w3 g g aEE » Mo xR U.“.#.Hu_.ﬁ E = r.xa__.nr
% P - L atat et S g Sy L o -_-_-I"._._ -I-_ o m" o e m o .
T EEEE RN e e e T R = L . AL ™ L ] x
2 o v R e A e e e 1.._1__,»- R R ] . __.a-ll"ll [ I-a.._ M ol II-. T R -
LB i L T e e A e L e nm LN e S -_-.___-.Il-. o " e o x
v”.n T, e R e e ™ - o l"nnllnnv. . Ao . " - ﬁ R e ey oL o e
i e e e et X ..._.....x“llulnlxx M ....r....q.__.._...__..q.__..___.___“_-__-_v AT ““"":. xnanannaanaa:axn ny o " Il-_ * nxa“n“n"aaaar. v ’ s " x“nxnx . lll N RN 1
[ 2% ~ el e a e e LML n” e G A MMM < e el e en et --""hi . “n-_-"""“ T : Smeaen e e -_-l-. R ala'aata * -u"“"_..”.,_”a__.nrx x
X iy el nl WML ...._ ll"n"a” ¥ I"- OPON AN  al = M "n"l"n” gy B - an"ll " -.____-.-_ N nnnnnnnannnaran..x...n e M -_Il-. . .. u l-_...anHn“rr .
X atnalaa o alal el n e M MM e o -_"- Rom s aa e e ...1.. N W e L. e II"-_.___ -ll' e e R g spuee N o e x
x e e e T A e e e R T e e W el e e --- MR e e
", el el .4.4.4.___.4”.___”.._ R R ._,r....q.q....q.a....q.___.____._..__-_ L -.-_-_. e R e gy e it ) o -lllll-r. N L
L, e n *Hku.q“.q“.._.._.___....._ iyt b vt...”.an.qu...“.._“.._.-_ [ “ i -.-_H xnn“nn..“n“annnx o ll.iu * I-_-. .___r.xnan ut s W __.l- S &“uxaxr . R
" " L it 4 ! ! k. . e oy i N ™, ER R ERE
Y ”“ H”” Ty -""-" ) t.q.._“.q“.._“.._”...”.-_-_ _- "n"-na“ -_"--.""-_ Rt AL os "-l-_ H e n"n"l"lll-lln o I-I' R “v.u..-_.a.n“u.Hr”r"r"r”n”n"n"nnnnululn-u g e e e e e e e
) e M e A M Mo W I B R e o e e E g T X e e e R
X iy el nl N e el nl ol L -_"- ' T R, N  a ' o i W g, *. 5.- A . P P P P e e e e e NP g
ey e R i e A TN N M M T A L e [ e nn ot nnl lii- l-"l wown) . EEEE R
gyl R - e IR L BN L o -_-_"-. o o e e e e e N N E Wil ey
% R ..”.""""....""..u"......,.”.,.”p_,.“...”.” R e o el ._.._._"““._._"“mm.u...u"..u"._.u"..u"..u"..""..""..m" e """""""__..r.n._u...
] EEEER ' o wnw .
_na 5% e e 22
oy x EEEEFER »ERFE o m e mn L
o B EEE RS ol w nn o ol -_"-_ e e " "llniﬁll Ty l-ul ll“- e ey R
v Al e e e 'I-"'II"I o I"-_ = I"" e e e e e e e e e e e e e e e e e e e e e e, llllllllllll““ o e llll"lllllllllllll '
i [ nl el e el -II-I-_-II-I-_-II-_I-_I"I-l"-Il"I I"-_ o » I-_I l-_-_ I-_"-_ I-_"-. i g . ﬁﬁll A lI“l ll“I ll“l lI“l R E R m N
- EEEFEEREER |l e e R e e e e e e e e e e e, AR E R R R R RN R RN
ot e s e e e s
R A T o a o e e e e = T T e I N B R E .
D i -_II"-I ™ I"-. " iy e ey e o o ..-_.._..-..__..-_.__..-_.._..-..._..-_.__..-_.._..-..__..-_.._..-_.._..-..__. e e NN B B N B N e e e M M M M e e M M M Mo Mo PP H,Fv rxvuvrr JWEY
H = kk._._”“.___””mHm”mum"m""""""""""""""""""""m"m"m"m"m"m"m"m"m"m-”._-"u"""u"u"m"”"m"”"m"""m"”-u"”-"-.q-_”-;f 4_-_”-_u_-_”-”_-.u-"-"-_u-”-_"-"ﬂ._..“”“u“”ﬂ.4”Hﬂ._..“”H.___M.___ﬂ..4.n.___M.__”.,______H__._M___”H_q..,_“_____-.___”H____.n“.-_Hﬂ.“.,_“....4.”.,__“M“.-_”ﬂ.“..._“ﬂ.“H“H“M“ﬂ.“.,__“M“.,__“H“.-_“n“.,_““ﬂ.“.,__“H“.-_“ﬂ.“.,_““ﬂ.“.,__“.,_““.-_“.,__“.,__“.-_“.,__“.“.n“.“.-_“.“.,__“.“.,__“.“.-_“.“”_"."”“"."”_.._"”_"."”“.._"”_"."”_.._“”“.g”_.g..”_“.“”““.“”_“..”_“..”.“..”.“..”."."”."."”."."”."."”.".".,.".".,.“.“.,.“.“.,.“.“.,.“...,.“.“.,.“.“.,.“.“.,.“.“.,.“.".,.".",".",".",".","..,..,...,...,...,r,r.r,r,r.rvr,r.rvr,r,r,r,r,r,r,r, R
* o .qﬂ#ﬂ;ﬂ#ﬂ#ﬂ;ﬂ#ﬂ#ﬂ;ﬂﬂnﬂu. e e T R N N T
w R T R .#.r.f.._“,..,...,..,..,.,..,.,..f..,..,. A A A AR I N B A AN AL MM NN

. T m

r
[ ]

o
s

U.S. Patent

FlG. 7



US 11,213,749 B2

Sheet 8 of 19

Jan. 4, 2022

U.S. Patent

MMM e
. J

A
A
L
L
-
x
]
X

|
o
H"HFH’H‘IH o

__”xrxxu.nv.xv.nv.n._.u.._.rv.

E A N

E

.EF!F!F!F!F!

il A
M F.HH.-H L

Ll

SRS EE R R E R R R R R RN ; S ; ‘ - - ¢ I

A

F

RN

EETE

e e e N N

N N N N N N M N )

ErETETEETYETETEY

N N M N N

W W W W W W W W W W
Hll!llll -] -] i i a - a a3 F - x
BN EEEEEEEENEEEEEEEENEEENENENENEEEFEEFrFEEEFrFEEREEFEFREREREEEREENENRNERERERERERTHI.N

B .
e o

e

.."........."..."...".._...

o
X, ! A A E i t AEEEX XX
-

»

'_4

A
Al
HHH"H
E N N
o
iy
L
llll-
AdAAAAA A A

N Y
i i

»
A_A
-I-I I-I Al
N
W
I“I

]
A
M AN AN NN

HH-HH
L N

TETETETETE
Al

N N N M NN N
|
|
X

L]
A

N
e N

A

H"H:H:H"H

] HHH!H!R
HPHPHPH:HPH:H:H:H:HEHHH!
i R R M Mo

L KK
y .HIIIIHHHIIIIIIII

.

T
Al
"?!
Al
sl

J Hxii! >

L}
-I-IJ*
Al
H
-
&
W

i
HHHH
L ”v” HHHH”HHH
Fo i
LM M N MK
A
i i i
E o
- oA

T
-]

o,

F

P,

o,

F

HH

A

o,

F

A
Ml
N N
-5

X kx
»
e

Ml

.
L}
‘e

;o

X
A
i

|
X
L)
L)
-5
A
2

™
h_]

M
ol
)

i

L
NN
o

]
o
i

X

i

|

.HP

H
Al
EY
»
Y
W

_._."“..."..."..“"..".._.
Wbl
k mamnnm lr
e

Al
]
r
.
E N N
Al

L]
w
HJ

»
)
2
|
X
i}

]
o
i)
)
»x

¥
o
)
K
N
NN )
™ O
-
i
i

i

F!‘IF!?'!F!F!F!‘!H..
x

¥
P
2
p_J
i |
]

L}

RN N NN
2
A
T
i |

>

P

A i i
o o e
AL AL A

.
]
e
x?!

L XX

A N

L XX
A,
X,

EY

gy iy
o

-]
2
-]

; LN N N
x”xmxnr.. A r.”r. iy .nﬂxy”v_rr.r
I " oo
o ol A A A A A A N A
. PN .r.”r. A ”x x”xr.r.”xrnﬂxrxrxxxrxﬂxﬂxnxnxﬂa"
e K J e
X » I e A
e
X X
»

£
e
)
e
)
£
e

»
‘2
2
)
‘2
2

-]
Y
2
2
-]

i

Y
FY

]

FY

o
A A .Hﬂ A
?HFHFH A .ﬂ?ﬂ x

)
)
-
-]
-
)
)
)

F
]
EY
EY
EY
EY
2
EY
F

H

x
k)

FY
e
E
]
E

FY
x
>

?"x?d
x
.

H

w
o
H
EY

._-_._-_._-.._-_._-_._-.._-_._--_-

'
e

iy

PR M PN MM N MM N - AN N
y u_.r”u..r”v H’.HFHHHHHHHHF. .ﬂu..!un b

!
X
b ]
]

L
A EXEXEXEREXEREEEXERRERTIES ..

A X XX AEEAIIEEFEEEEIEEEEREELN X X XXX u...H.. .H..u...ﬂ..u..h. ALK KK KX F.FH.II.II.F Xz XK X

FlG. &



“x HHMHHHHHHHH”HH
T A A e e P
R e n E -lI nE
P R e Rl e .
e e P Aok * !
LA i, 4

F
Ol

Y

A
M
L

A
o

o AL

-l

e
M_N_A

US 11,213,749 B2

.,
A

M_M_M
AN N
.,
A A

A

AAAAA A A A AN AN

A A
L

" g
Al
MA_A A A
A_A

A A A A A

ol
A
.
|
A

] -_I _”__
e
et
ol
I_I I-.
II II.
2ok

S

s
-.ﬁ

e waaae
SRR
e

II || | | || | |
e
e

|| | | II ll | Illlll

.
A A
LN
M
g
A A
L]
| ]

.
A

L |

s

e

:"':
A A
|
¥,
l-lnlll A
T
-

AAAAAAAAAAAA

i
AAAAAAAAARAAAA

M Ilﬂl!lﬂlﬂlﬂlﬂl H
I
.IIIIIIIIIIIH

IIIIIIIIIII-IIIIIIIIIIII
A A A A AAAAAAANAAAAAAAANA A
o,

A
R T T T
. Il"l" II" III Illlllllll Illlll = III'I‘-'II"
|l A .-.l.-.l.-.l llll""ll"""“ﬁ!!l!ﬂunﬂ!ﬂ!ﬂ!ﬁhﬂhﬂ. o HI_ 'I l-. .
l!! o I O

L) J
N )

P A
o )

ENE S E A A )
e )
R e
P A A M)

e

-l e i
L ]

S )
L
EATR o SN )
E N S S M)
ER Nl )
S SN )
CACRC S S RN )
e M )
F ]
PR A NN A )

m e e el

g "
e
[ ]
o
SR
e et
e mp

T

"'I.'

" Rl S S RSN RO W
P s e el e el e e e
Pply ar e iy iy iy iy

!
M

el
A_A

A
FY
Hlll'
Y

N N N N N N N N N N N T I e e T T T T T I I T T e I T I R T T e T T T T T T I T T I I T T I I T I N T e N T
;

i e

A
A
o

™ R R R
e o R

T
:HHF!H! i,
w b
oo

o
-

:H:H!:'!
.
A
|

Sheet 9 of 19

]
A
|

EEEEEEEEELERE
|| .IHIHIHIHIHIHIHIH.I

i
'

™
|

R A X AN
R xR AN
R R RN X A A

o

e
MM M W MM

-
e

..HM”H.IH-T. ; L " L ! L, e

e . . atatatel 7 R A R

e e e
e

x EEE X
| EEERE

| II"" L x
."."."."."1..“...". o
s """m"m"m"m._m.ﬁ

)
:I-l
|
|
|
|

o
X
;.:”
o
M_A
IIIIIIIHII:‘
-I'I
s
||

»
h
L ]
Y
FY
||
|
|

i
F
|
L |
L ]
]
A
|
|

y
le'
| |
[ )
=:
M
ey
i

»
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAN

T
il i
.”l alnaaannnnxxxnnr.

)
A
Hd

AA_A
L]
o iy

N

i
FEEREEREEREEREREEEEEEEREEEEREEEEEEEEEEEREEEREEEEEEEREEEEEEEREEEEEEEREEEREEERLEELERRLRNR.]

A

o
HI
]

P
4o B |
| .1"?1":"?:":

A At ]
L M
AFXXXARXIRERREERERER
S "R E
x
x

3
L

)
o
-]
|
|
|
ol el e Nl el e e e e el el el el el

AsdAddAdAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAT

L}

AA A
L
LN

"
e

A
A
A
L ]
L ]
F
Ml
Ml
M_A
A
'H':
|

L]
x
M
|
A
A

AA A A AN

i,
A
A A

Al

L,

M
Al
"IH
A A

A
A
A
L]
Al
uk
A
I-
s
Al I |
A

x
x_x
x

X K
.HHH

i
HHHHHHHHII
TR _x

ol
!
|

A
A
A
L
o
Al
Al

rAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
A

AN AN A AN N oL e AN
. M

IHHIHIHIHI

A A A

AR

Al
Al
o

H&H*H...HJH.._”...“.._”-_“-_ A
A A T T
Al e e i
L

A
M
W

o

o it
M
LA AL
|
: | n:a i |
|
|

A
A
A
]

.
N

O
L |
|
o

- ", »

|
AL
A
F ]

o
LA
A
A

|
M
T
A
A
A
A
|

A_A

]

e

L

R i “nnn

R

annaxx.xna...ln . o ~
o X P i ", ]
e iy | i

i i
" | A O -
i L) . e - g ) o

A
IIIII:II
A

A
III-I
|
)
£

EY
EY
Al

A
A
A A A A
A A
A
)
x?l!
N
I"?l

E |
A
e

X
|
o |
A AR
a
|
naa
mAama
o
i |
|
a
Y
x
A
M
n

T

o
Al
Al
F |
Al
Al
A
Al
A
A
i
-I
|
el

x
]
o,

i

N
x
Y
A
N
x
A
x
n
a
I i I
LA

A
A
A
A
]

Al
L

)
e

]
b o B

|
|
|
|
|
I
|
|
|
A

R SN
oo, N N M N

ey
M

oy

ut

s

A_N_m_M_A

L] a-:-:-a :-: AAA A

> ]
'1.-" o

H‘:-:"':-t"':' T
M

M
.

M o X

n,
A A N A N N M N

L]

x_IK
X

X

X

A
A
A

n,

HHH

e

i ! L - 4 o »x

P i S . / s i
i »

|

|

HH“

IIIIIIIHHIIIIIIIIIIIII

I- A

-l A

A A

|

A

L,

|
X,
Al

A

A A

|
i e
!il!!. .Hil!:.:. .!F!:“
M M W

L
n,
A
L

H.._.H.. ”...HJH...H...HJH.._J..“.._”.-_
o N Sl )

. ) ¢ A
; : o R )
A A J ; N » X ki ke kR

; ;! . ) s R 3 )
P L ; . hﬂ l‘. BN ML NN M,

| ; dr e e e e e
e l"ll i s T
llllllﬂln xxxxxx x NN EN N N N W W )

a:n |
-'
™
o
X
L
Ll

XXX XXX XARERRER L x x " ! X X
O T i A H

|
|
)
- |
|
lil:ll |
AaadaxadAAA AT A AR AAAAa
|
o
4
ol
X,
|
L

|
i |
i |
]

2
]

Al
Al
A
)
-]

L]
HHHIHIHIIIIII w P
EXIRERERERREERERRERERERERR . A Ay |
g A X XX EREEREEEERNFRERFRFERF e A A x Al X, l.% ~, )
X xR .%HHHHH b | L ] I‘l LY Jodr b Jodr dr drowr oy oo Ay 4
LY AL EREREEREERERN bl o LY e s i A LI L ey O dr e dr i dr i dp i dr o
3 o g A g A e g i e o L, J . ! A A A a a b o dr e
R KK, T I K o o, e K e o B K KN K ..u\nuunrn...nrnrxxr N e e e e A M N N
>

',
]
]

wy FE A O, vw'iy'y o XA R R R
o e e e P o ool L R, A P e R, "R A R R ey e P I W i
R I R, % B, I 0 0 o 0 0 I 0 e e i e P P T R R R A
....... ...n...n...”HHHHHH.H.nH.k...nh......n.n.-_...__.hkhHh....r..n..n...............................................”...__...._...._...-_...nH.n..__”HH.HHH.HHHHHHHHE.HHHHHHHHHEHH\EHHHHHHHF .. .

Jan. 4, 2022

U.S. Patent

FlG. 9



US 11,213,749 B2

Sheet 10 of 19

Jan. 4, 2022

U.S. Patent

AR RN R W e e
ol 2 A A I e o N ﬂu H-
; A EEEEEE R . xnr.xxnnnxxnﬂxnnxxn FEEFEER i X7
e s ot B e P o
of 2 e el o LA K A A X XX A X
A E R EEEEEE L t..x.xﬂ‘ X x x o N ]
|_nl Ll X X XX N X
s L lmnn ; o X x x x ]
»EE T ® A E X o wx X
/ o ) » e ] XA A X ]
| | r xR X X X XN
; o R ] o x ww
| | mm ) | X XA XX
; | » e o
" u ey | X X
! o ) xr XA A XX
; u =R x x X A X A
: e e ey
; »EE EEE ) X o w w
! ) xR X ; R A X a
| EE R . XX XXX
; B XRER ] xR
X ER N X XXX
; " " o x x w
; EE X ) oy
; nua"l! "-_. : " | E .r.- " r..rf. » annnnnnnnr.:”
; ".u"a" n". : ”._._.___ "| : .xr.xﬂr.r.l“jm ”xrl#l-.r
! xr x 3 L) [ Mo R N
rE 3 J b » AN AL A A AN
; xn ] ] L) [ o A )
| N ; ) » ol i AKX
; . " . L [ Lo A XA
N ) ’ & & » O g
! i x ; LA » oA A A iy i
A R 3 ; 4 » A XA AN
; i ] ) L [ oA e
N J L] » ol A KK
; " » ; L) " oAl Al A
) ; * » Ol A A
! x [ 3 [ XA A K A Ay
. . . W ; * » oyl i g g
; R [ 3 B At A e
! N .-.-_n.ln :Hl-_. o b s ! * oy ..JHJ!JHJHJHJ ..u_”n:”xu_nxu_”x
k - E O E I-. al .ﬂll.. II ; .u..v.u..u_. o u..u..u..!u..u_.u..v..
; . . . W - » ; A N o i
. . e u..__.ﬂ » N N
; " [ ]
" > gy tﬂ
! i [ xr |
’ " Y, s
; = e R
; i Al L
; W . ] ] -
; " ;&  m
! l". ...H.rH...”._..“._._' i .r a ”I-_ .H"__.n
! Al AL N 2 > X
; L i i i L xR
; e . ul n". ...H.rH...”...H._._ ' .H"__.n
; e M T e " e
; B m el x o
s ' Ll ar i ik x o W
; " » w el x w L
; R e » Ll & Ak ) ¢ i
; ! n"__."n" “ I"- "-.. ", l“._ " o .an.x e ......al b
; i = N B g i 3
; xR » " x o g o s
X R ER e ' X ) X EN=EE X
! X e R . = i r a AR o 1“
XX ERERE » . o i m M x
! X ERR . s " o X M b} o »
X E R » N m W X % ; ENx R 3
; xR R R E » " » A x o -
XX ER e N ) ¢ . m = “
! xR RERER . = x [ i x il [
T ERERERE " .9 ) r XX
; X ERE ] " » M EE o -_“
FEXEREERE ] = i r xR
; xEE e n » " " » A A x ' »
; TERER e B Ly B g ) . ]
: e e e A L T X o g et
; FrXRERERE » X EER = X e R R K oy ) & ! »
; xR | " . » "R 3 r x .
FrEXRER e e R AR E R oy - “
; Xr R RER . = ERRR “ERRERRR g n
T ERERERE " L X R R R R s "
A xR RERER EEEEE R R R TR REERRER S ] “
FEXARER X xR "R X RERER r
; X EEn » = e e x
X FTERREER e B L R R R i
e S R L L ol -
IR RERER "y X RER AR RERE r e o
! E = xR e . AR o
; X xR "y S X xm TR R ) e “
! xR R RER ol xR R TR R x
X m R EE u xR X e R R
A xR R RER . o R R R e “
; XX RER X xR R
; xR R x = e X e
; TR REERERE " B x e R,
g R R RERER . o o »
; x xR ERE » xr xR x
; xR R RR | F R TR e 3 »
X R REER » x xR x X »
; xrEE e u " T e L
; "H“a“a"n"n"a" "lll l-_"-_ Hn“a“na HH:H:HH: r . -m
; XRRERERR | B ) R Rr o
; "...Ha“a"n"a"n" o "-_ :H..H__.“a“aa:lau u“aﬂa“a“a"au u "
; XRRERERER | ¥ AR RN XERrErnR |
XX RERR | » X xR X X m xR E )
! ERERRER EE RS TR R R R ERER »
FTXERRERERER AAXARRERER I ERRER ]
; X e " i ®rE [
FrXEXRERE u'n B ) X XERAERERE )
! R R RERER R SRR R YRR ERRR ; »
TxXXRERERER XX R RERER XXX R ERRE ; )
; R R R RER - B N R RERERR B »
FTXEARRERER | » XX XTRREE X XN IERER ; ]
; X e R o "
L FrEXRRERE e XX RRERE T X XRRERRE r.“ M
X A XRERERERER o » AR E R R R RERERERR » » "
x rxXXRRERER | Lo XXX R R ERE X xR X ERR % ; ) L)
B A R R R RER EE RN R R R R YRR ERERRR -"". L a) & & &
) FTXEARRERER = XAARRERERTE.) T XXARRERERE C )
X A, X e u " e R R [ o LR
XX EXXXAARREERRER TrEXRRERRE | e AX 2 TR A ERE T XERIERRE » ; L)
Ui " ; XRERERERER g | SRR R R E ERRERERERRX -“. L
XA E XX TR REERERE R AN XX R REER » ZX AR R R ERN X xR ER » )
EX AR R R R X AR ER R - B R R R R xEE R R b, -“. L
XA EXXAXARREREREER o e, B XXX REERLE X xR AR : » L )
) S e e R R e E e e X Ll
XA E XXX AR RERERR FrEXRRERE XXX R ERE X xE xR E ] ; L)
X ‘KRR ERERERREERE xR R RER w X R xR R R R e » LA L BERRE X R NN
A AL XXX EREERERER X xR REE A xxxm xR EE X x X xx X -_“. L) mEE RN T
iy TR R R R xR R En e R R ) e R RO R o w
.Prrw e e e e e ) e e e e " .Hﬂﬂ:ﬂ:ﬂﬂ:ﬂﬂ:ﬂﬂﬂ. s o2 R s e ! i e e e e o
XX EER AT R AR EERRE T Y X xR REE » ] < u » XX XX RETREERERER " » ; ERE XXX AT
P A E R R R R ; i xR E R | | AL AR R R . ¥ TXRERERRERERRRERER o ¥ “ ol
A A AR AR X R X X E » XX x e E R E) » » XX XXX RREREERRETRE ; Ll
X ‘AR ERERRERERE xR e n » SRR E R RN ammn » IR AR ER R R R R R | » Ll ;
xr.Wanaa:aalnl... X xR RERE ¥ AR e e M XX XRAREITREEREER " e Ll Al )
iy e e e e ] X R R E v L X X R R R R R PRt
XA E XX XX TR RERE R - X xR X RE B XX XRERE e " A X XX AERRERERER "u"n ul ; )
KX R e e R EERR ] ZRREERRR o IE X R R R ERREER -“ Ll )
XA XXX R R - X xR E » XX xR » XXX XERERREERRER » ; Ll )
._v_w_._na:aaaaa:a X ER R | ¥ R R o, TEXRREERRRERERRRER Pl
WAL XX XX XIRERERER * XX ARE = XAXAXXREERTE ‘XX XX AERRERERER X X L)
KoM A e R L R E Ll ¥ R " TR X R E R R R R " X X i iy
L i xR X ER e ‘X TR R ERREERE R N 4 S Al )
g xR R | | s TXRREERRRERERRRE M ; i " EaCaE al
WA AR XX R - i » . ‘XX XX A RERREEREERENNTE o o S X )
B e e e 2 ) : TEX R ER R R R R R B X m aK L Pl ;
i . e e XXX RXREITRRERERER ! XX EERE i a ; ( EREXXEX
K S e e e .3 ] ;! X e R R X N "_r Eal sl : R a aw
R | i | " ‘A XXX ARERRERERER ! . "B ER EaE ) ; E R XX E NN
KM X R R R X . AEXRERERRERERRERER .-“. A K ERRER EaC R RN N
WAk R R R i XX XXX XERREERRETRE ; i ®EE K ik ® X X E A N
. x | I : rExR R E R R R R x K ERR P R A x X
A . = T "X XXX AERRERERER ! O Ew 'R EER i a ERXEXN
A A R o i X xR " s 5. 5 = Pl A K N
KA R X . . Salan "X XXX A ETRRERERER R EEN ) EX xRN
iy A e | | o rXR R E R R R E R R rXRRER ENE X A X N
o A ) » N XXX XEAXRERRERRER R R : e ERx XX
ol e TEX R R R R R R RN YRR » ¥k a xR X
HHWHHHHH S ‘A X XXX XTRRERERER R EEN X ax & ERX XXX
X S e ] X xR R R R e ¥ X
XA xR R B T ‘A X XX AERRERERER EEEN ! X k& ERXEXX
U i ] s IR X R AR EE R RN xR » EE X R R
KA XXX x X m X X XXX xxXRRERERERTRE VR R R : el ERxExX
nxw_nalaa: ¥ XA R ERRR o, rExR R E R R R R RN e R R EERE A X E
AXAXELEREREXXR XXEARRERIL ‘XX XX AERRRREER ‘TEEER R k3 ) ERAXERN ;
KX S e, : X e E i ) = X h ar ke gk e ]
HHWHHHHHH ; T XX IRERE e A X XX A ERRRERE RN R EER k3 EERERP
A e A R R R e RN ¥ X xR g XX ERERREERERRERERR ol EERE Al k] XREXRRE i)
KA XXX R R X X xR Ry XX XXX ERREERERER o ok ) e x>
KX T A R R R R RN : XR A E R R rEx R xR R E R R R R E R R | *Th ar ki &k xR R R E ]
RHWHHHHHHHIHIR ; XXX XIRERE ' ‘A X XA A XTRAREEEREEREEKMNENNNNN EaUaE EERIAEP ;
X S e xR : X e X R R r | ar T e x m_x ]
XA EER AR XT R R E R - i XXX R RERE k) e ‘A X XXX ERRERERR N ) EE R AR X
o : X R AR R R R - IR X R R EE R RN EERE k) X ERRE X 3
A A AR AR i ) X XXX XXERXERERERER U ) ) ;
A A o e 4 R XxE xR E R R R PR ) xR r 3
XA L XX A XX RRERR = XA XXX RRE N ! XXX XXX ARRERERER E Uk ) E R NE X
X A A R R R Ry o e n X e R R X R ki A x x ]
XAELEXEXE XX ER AR E X . i » o ‘A X XXX ERARRERR N ) EE AEK !
EX e Ay A e R ] ol 4 g XXX AR RERERREERR Ik T i i a X xE N
R A R A A X R R i ) ! X XXX EXRREREER Ul ) E E N
EX s Ay g A e e R W e . AR R e R - MR
XXX XXEARARERE T W X XX XERERRRE ™ ) XAXXXXARIERERER L )
K S e e R R W X X xR R R A ar e e
XX XXX R R " xRN ) e ‘X ER A EARRERERR Uk )
o o i rr AR xR R R R R R R EER Al ak af a )
g A Y i ) ) a ‘XX XXX EREREREERER U )
T xR RN R T | | rxx xR R R R R PR
XA XX XAREIRERREK . X ) lIll-llm- A XXX AT ARREREERRE E Uk )
S A R R R R o | R ) T ap S iy e i
X XXX XTXEARRRERE XX XX XXX RERRERE "u"n ‘X E R A ERARERER S )
o A A X ERRREERRRER X A XX AR ERRER g EE AR A E R R R X Wi i ik kA
X XXX xx xR E XX XX x xR REREERRER XXX XXERXXERRRRE ot e N
X XX AR X R R R x#.x IEXRERRRERR o X R A e R R R UL Al
L I AL A TR XXX REARERER llI X R e e e e e o Tt N N A e NNl o ad e
P AL " I i A R R R RN NN M N A
-H:HL W W W W 3 sl letule e plplp x Hl:ll:llﬂlﬂ:ﬂl x.. Jr dp dp e dp oy i e R ..Hnr.ur.u
x A ) ERREREERRZX XA MK A K
L) R R R p A A A ; iy
'"H”r T A E A EEIN .".'.H.-.'I. H’l’.ﬂ’“’“’.ﬂ. R R K K K kK Ok K HF.H’.H’.H

2 20 o)

1
1
1
1

11

108

FlG. 10



A e R T e AR e A e TR e R
v.v_u_.v_u..Hu..Hu..Hu..Hu..Hu_.Hu..HHHPHFHFHPH’.HFH?H’.HFHPH’.HF E

o A A A A
A .r.”r.r P P L

£

L

»
™

b
F

»

a;

US 11,213,749 B2

W
e

FY
EY

Al
Al
Al
Al
Al
Al
A
]
F

xR g ]
.ﬂhlﬂllunﬂ!?!?!?!?! i
£ lll

Ml
|
Al
?l"?l
|
Al
FY

HHHHHHHHHH”H
HH XXX X X HHHHHHH
HH R A XX HHHHHHHHF

Hunu..u..u..u..
wEREXEEREXERSE N
HH ]

||
S e e e e
e R
s ....._ﬁ“..u..u"“u"“u"
._.._.h._.._.u.._.u.._..
- XL XXX XX N

SRR R R R R R X . ] TR X R
R R ’ ; R
H" £ XXX ﬂ""ﬂ""ﬂxﬂ.

X

o M A
A A K N
E A NI
A M
N I
Al
"‘I!"'IIH'II"

EEXEELEXEREN

]

HH xR XX HHHHHHHHH y

HHHHHHHHHH A,
x

Al
|
i

XX XX H”HHH”H”H K IIIIHIHHHHH”H”.! ,

EREXERXEXXEXENRSE N EX XXX XERDN
.-_HH A R XX XX AN
.

)
i
i,
X
i)
L
»at

XX XXX XX N E X X X X X
HH R A XX H“H”HHH”H
HH xR XX HHHHHHHHH
HH XX X HHHHHHHHP
x,

e
i i
i i
i
i i

e e )
A ¥
L)
'Il.'ll

»
|

"a"a"ananxﬂa“r.”x!
R g g g gy Py
| e lll
A A
R g A
4 EER XX XX XA ANE
e X )
B . Bl lﬂlﬂlﬂﬂﬂﬂﬂﬂﬂﬂ!ﬁ!ﬁvlﬂ“
X X A A A EE R XE X NN NE
x N X R
XA AR A AN EERRE XXX NN
x A X . o N N W
N A
X N X R e R 2
A M A A E R R R A N A
x T R A
X AR X R A AN EREX XXX xx o lm
» oy X )
N A
x F X S e
X o x a aw ! . E e x o xxx lm
x ] R e A
i ] ERER XXX XN
x X R N
X A  a ww . A
Xt it A ___"._._"._"-...
ERRE XX xx ol m
L i)
A
EER XK N2 EEE
e
EER XX Ny o lE ER xRN N
R R R
EER XX XX i nm ERAXXENXAXXTERER
L e T e
A ] ERAXEXENAEERER
R e e e g EEX XN R
rE R xxxxolm . ER XXX N EER
RN . R ER X EN2RERER
EERREX X X0 FEEXZXXNXAXXTERER
L XX XN R
R EEXXXEXXNREERER
A "l"a“nnn"nnx” H"n“l"l
EXXXXXTERER
R K e N AR
EEREXEXXXERER
ERAEX>RRER
EEXXXXXEXERER
R ER X EXN2RERER
EFEERXXXXXERER
R R E X ERER
REX R X EXRERER
ERAEX > ERR
X xxxxREERER
ERREER>RERER
RXXXTXTRERER
e ; X . ERREERF:ERR
nﬂx“anxﬂn“xnnﬂx“anx” X ' T ) a"a"ann“aﬂv“a"a"n"
L R MM NN RREER:ERR
] ol S Y
X A N X ok &k & & A
o R
X A X A A A Ea sl ) .
N N E NN EN Sk b o o & & W .
HHHHHHHHHHHHHHHHHHHH T LA ML ...._._..__ |t.t -
N X i d dr i
xR XEXERE XXX X N R R T Y
N Xk d ok ke k&
o A o A X A ENEE kol
X X A N X X X ; ardr dr ek
N N k)
N N X N N X ; I dr dr e i kR
X A A A . ! i a g
e E a3l ) e
A W A et ) ardr dr d ek
B &k &k &R A
Hﬂﬂﬂﬂﬂﬂﬂxﬂﬂﬂﬂﬂﬂﬂﬂﬂxu.“ o S
XA AR A AN & ok k& gk A
W A L S ]
o NN ) b dr ik ik
T T e P g e i i i
X AR X AN & ok &k & &E X Ca )
i el k)
A AN A A
o e e ; ...H...“.uu...”..ﬂ...”...“...”...“
» » | ar Tl e e
I_II.I | ] S b a2k & & &
F F ] |
H”HHHHH”HHH“HHH “I"'I I'II" .r.r....”....“.-.......—. ”.-.”l_”l.”l..__ .-..__ .-_.-. .-.... i i x o oxon .-..__ .-_... .-_.-. l_h I" ; -
B e ........__..............44... . ..................... .......4....4.4._...._.4.._.4.._-_ ..
.4.4.......

e R T P ) e e e e
-"""""---""""“""l-_!-_. o ._._._.nllul...l o' . . .... A
T . e e,
Sripeae v .&“.ﬁ....u...u....
.lll-
.ll

»
»
w

Al
-
Al
F
Al
»

EEXEXEXEXSE N
L H“H”HHH”H
XXX HHHHHHHHP

»
B
w

H

o

Ml

x

»
I‘.I |

»
|
F
|

»

2l
X
)
X
» ¥

#l‘-l
Al
Al
H
|

X
XA A A
A A A A AN ALK
g A P

*

L
HH:
HHHHHHH

|

|

E |

M

|

A

e

X X X X
"I'*l'

o
¥
L

.H?E!H’. ]
E
Al
x

X X X
I-"I'*I'
i
i i)
i |

» X
S NE Al BN
R

b

)
k&
kL
AL
b ir
k&
)
b ir

X XX
L Rl

i
A

Sheet 11 of 19

)
)
2
o oo
o
i i
)
|

MM A A
W OW W W W W W W W W WE W WE W WY MWW W R W WE W WE W W W W W R Y WE W WY WE YW R YW W W W W

]
L]

o e e oA MMM
E N NN N N N

L]
N N

|
FHFHFHHHIH M_X_ X

o N N A
M A A A N N N N AN

A
N
]

.
)

X A A K

)
i
o

-]

i
2o

H'-!Hxﬂ Al
- H"HH
]
]
;o

Ml
|
.
FY

:H:H:H A
NN
N
HFH’H

a

e e e
(A e --_- -._- e
EEE R
S ._._-_
ol ol et e e et e et et

l"l" | ] l“-'l -' "

o

.
2w
A
M
2 !
i ]
v”;l”v:p”v!v

e
)
e

A
A A
E K X HF.H’.H’IF.HHH’I

Jan. 4, 2022

U.S. Patent

Flg. 11



e e e e
e .......
R S SR

o ; ; x;
) * A )
e )
AN

k. o

US 11,213,749 B2

A
P P P R P

)
)
Ml

MM M N N A A
H

R K KK N M
LA
MM A N N M
MM M N N A A
MM M N N M
MM A N N M
MM M N N M
MM A N N A A
MM M N N A A
MM A N N A A
MM M N N M
MM A N N M
MM A N N M
MM A N N M

I
H

o
ol )
N i
N i
! ol )
e a o a a  a
EE N i )
ol )
EE N i )
EE N i )
e
EE N i )
EE N i )
o e
EE N i )
o e
i)
iy,

)
)

FY
FY
FY
Hd
E N N
Hd
Hd
FY
A
FY
]
FY
A
FY
]
FY
A
e
Hd
A
Hd
e
Hd
Hd
e
Hd
Ml

H!I!!I!F!HHHHH

oMM ON K N M N N A M A

£

F ]

o e o A N M
F.FHHHHHHHHH.
HHHHHHHHHHH?‘HHH"H"H
FA
H!H!HHH!H!HHHHH"H"H

L |
£

R

F N

FAE
H

-]
e R e  a oo
)
o
o
o

J H
g g M g o M M M N N N N M

A A A e

H

H'HH!HHHHHHHHHH

A e e A e A

)
v.
e
-]
)
)
)
)
)
)
o
e g
)
-]
2
)
)
2
)
-]
)
-]
e e
)
)
-]
)
A

A,

)
Hd
'
>, 3
Mo o a o a o A M oM N M
'
E
oM e oa o w M M M M M M

¥
Hd
g g M M N M N N N M
Hd
g g M M N M N N N M
FY
d ] .
g g M g o M M M N N NN M
Hd
Ml

i i i i
o e o AR A A M A
F A
F A
F A

e o o ol e
)

o e M N M AL
)
aa
o
2

F

HHHHHH!HH!HHHHH_

g g e M N N M N N MM
g g e g o N M M M N
”g”x"x”x”x”x”xxxxxxx"n"nx

E

]

]

o

g g e e o M a N N M M N

o
g g e e o M a N N M M N

o e

)
.

)

o
)

)
)
)
)
e o
F
3

o)
P
o)

H
o e o AR A A M A

FA R B
i i i
o e e A A N N MK

A A o A R AN M
o

.

Jr

)

g

o)
d F
N

)
e ol
)

>
S

FY

W

W

FA N Y

)
i
a
p
)
)
o
e
.
AL

o AR

EY
5
A

P
]

M

i

AN X A

AL A

n
|
M
M
N,
)
.
A

N
l:l
A
A
M
A
i

)
2

|
|
A
A
A
A
x
L]

"H"l"l“ﬂ”ﬂ”ﬂ”!. ]
IR KR E N X
ERRESXXLXEN N
R X K E NN
ERREX XX N N
ERERERKERKERERE N M
E R R XXX N N
ERREXREEN XN
ERRESXXLXEN N
FEJEFEBE R O
ERREX X XN NN
ERREXREREN N
E R R XXX N N
IIIHIIIHIHI E_,

i
S
|

EY
™
o

I-*l' | N

|
]

|
iy |
x
)

|
|

2
|

|
L
"I'

h ]
|

A
l-I
M_A
A
-Hl
A_A
Al
|
E
™

A
M
Al
Al A
':-!::i!”:-!
u
f_
_'H M

l:l-
|
A
M A
Mo
A
M
:-:r
e
vvp
M
M A

A
-l
|

A
A

Al
Al

A
Al

A

||
2
Y

FY

."'l'

N RN RN
|
|
|
|
|
|
n
EY)
p

|
A
Al
Ml
Al
Y
FY

e
AAAAAAA
o an a
AAAAAAA
AR A A
A A al
o
A A Al
MO MM MMM X
M AN PP

L |
Al
Al
Al
b

M_M
A_A
AN AN AN A M
A
|
x
Ml
L]

|
A
L
i
X M
i i
e

i |
)
P
A

i)

i |
]
e
|

L |
A
W

A
M
-
L

Al
A
.

Al

b
M

A
b

o .
ol AN ol A A A AL

A A A A A A i oy gy iy g A A
A e e e y iy ooy o g e
M, L L ] MK ] ] ] ]
o A s

L)
L]
M
|
A
2
)
M
M

™
|
o

M

o
]
]
o
]
]

»
|

L 3 3 ..Hv.r.!

i |
o

i |

o

-]

b

e A e
"

) A

L
M,

EY
Al

K
A
W
FY
o
E |

o
]
E

Hd
FY

A

.
L
o

A
A
|
L]

L]
i
|
)
i
)
F
F)
|
n
|
M

EY)
5

i iy iy iy iy

A
A
A
M
L]

L E I
|
A A
-]
~
o
-]
Hd
Fd
M

.Hr”u__

EY
W

EY

EY

EY

EY

H

.

EY

.

¥

A

A

A

H

2w
i

s
L X, L

R A AR
o o o o o o .r.”r. o o o .xr.n”n”x”n oo

X,
L
A,
o
b
o
X
s
A,

Ml
FY

W
£
Fd

k)
£
£

)
)
]
Y

)

A o

.P!F ...FHF Lo g i
Y

2
i
e

i

i
A
P e
L i - .Hu..

FY
)

o

b

»

’.

b

) )
M
2

F

3

)
»

n.
S A e k k k
Ko R e B oo
Y
X

|
2

!

o

i
)

2 e

o A

.
L
.

A

2w

I*I'*
|
i
P M
ol
2
e

A L A A
A LA y A LA A L A E
R S S S S S S S S S
A .Pﬂr.!u_. PPN KN K KA .u_.!u_. .FHF!P A .PEFHP .P!r. .u_.!u_. . .u_.!u_. A .P!r.

H‘H
A
A
A
|
L]

A
A

aa
2
EY
EY
EY
Y
E
EY
EY
H

)
2
e
-5
F
)
-5
A
|
|
|
A

-]
e

2
2

]
]
o
oy
L o

X
oo P ; ;

; L A A A A i X .x.nr.n.x.x.n”x”xr ”rrr g iy A A A ” rH ”

RN, PN NN R AN A R R R R A R R . -

A NN » A ) o ALK KN LA A A A A A N

X X X g i A A A X X A A A, X

X X X X X

X X X X X

X X X X X

.

o
]
.
-
-5
e
)

XA

F
o
2
2
2
2

™
|
|
A
M
o

)
Y
2

AP AW

»

AA A
IHlHIHIHIHIHIH‘IIHIHIHIHIHIHI

Iﬂllllllllll
AAA A
-]

»

-]

-]

Y

E

-]

£

E

Y

Y

E

E

A

I I

-]

E

-]

E

-]

-]

-]

Y

E

-]

H

|

||

|

||

Ml

-
A
-
-
o e F N N
F - WA -
o x o
o
F g
o
o
F g
o

)
.

b
2
2

EY)

EY)

EY)

Y

o

2

2

EY)

EY)

EY)

Y

e

! !

EY)

Y

»

>y

.|

|

o

A
2
2
e
2
2

o
]
LA

o
o
i

AR AR

,
A

oo B B

L]
‘e
‘e
-5
-5
‘e
-5
‘e
F
o
‘e
-5
o
o
‘e
F
-5
o
-l
A
|
A
M_M
]
"

A

]
A
A
A
Al

i
i

FY

-l

A A

I"H
FY
L]
FY
FY
FY
FY
FY
Y
FY
Y
Y
Y
Y
FY
Y
Y
Y
FY
FY
FY
Y
FY
Y
FY
FY
H
Al
||
|
||
Ml

L]
|
|
A
L
L]

A
L]
Y

e

o

o
EY)
-
‘2
Y
‘2
‘2
‘2
EY)
‘2
‘2
‘2
Y
Y
‘2
Y
‘2
‘2
EY)
Y
F
Ml
|
|
|
A

X X X "

AL A A A A A A XA A A

o TGN NN NN N NN NN NN NN KA o . . . . o .

PR PN R PN R PR R R R P R PR R P R R R R R PR R R R R R R R RN K

o r » » P e e e e L P L e e B e 2 M

i X X X X XK X

A A A A A A X A

X X X X

L]
2

EY
EY
EY
EY
EY
EY
EY
EY
EY
EY
EY

A e
EY
EY
EY
EY
EY
EY
EY
EY
EY
EY
EY
EY
F
ol
|
|
|
Al

AR K MM M M M MM MK NN K MK KM KN MK MK KK KKK KK N KN KN KRN KK .HHH LS .HHH LS .HEH .HHH L .HEHHH X .HEHHHHHEH B .HEHHH R KK .HHH .HHH AR K MM M MM MMM KN KK M KN KN
] o HHHHHH k HH A HH .HHHHH . HHHH k] HHHHHHHH .HHH ] HHHH Hxﬂﬂﬂxﬂxﬂﬂxxﬂxﬂﬂﬂxﬂxﬂﬂxx .HHH ] HHHHHHHHHHH . .HHH .HHH k HH L .
Hun X HHH HHHHHHH HHH ] HHH HHHHH E HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHH M N M MM K
N N R
HH N H”H H”H“H”H H”H . H”H H”H“H oM H“H”H“H”H“H”HHHHHHHHHHHHHHHHH“H”H“H”HHHHH“H”H“H”H“HHHHHHHHH”H“H”H“HHHHHHH“H”H“H”H H”H E

X HHHHHH X x. HHHHH HHHHH x_x HH HHHHHHHHH HH x_x HHHH ooy HH g HH HH XXX x.
x, x x, x XX x x x x x x XX X x
. - . . . .
x.

)

-]
N
)
2
Y
b
|
|
|
X
b

)

o
W N o ¥ W o ¥ W o
e .x”u”x oo .x”x L .u”x”x .u”xmx”u”xmx”u”x .x”u”xmx”u”xmx”u”x”u .u”x .x”u”xxx .u”x L e .x”u X .x”u”xmx .ur.x”xxu .xmx”unxxx”u .xmx”unxxxnu” H H ” H ” A H H ” A
i) e 2 e e o e o e ot e o o e o e o e o o e o e o e ot e ae e o€ e e o e o e ot e o o e o e o e ac o e o o o e ot o o el e ot e o e ot e o o e oo ot e o o e oo o e e ot o el o e ot e o e ot ol o
A A A A F A F F Y A A F F Y F Y F A F Y
o o ¥ o ¥

EY)
N
Y

o
-]

o o
L ] A A A A ] A A E ] A ] A ] A LA A ] E A 3 o A
] Y o i o A Y o A E i i Y A Y A Y i o A Y Y A o

|
Hd
-]
Y]
E
E
E
-]
-]
E
-]
2
o
A A A

-]
H
Al
||
|
||
Ml

Sheet 12 of 19

EY)
2
EY)
o)
Y

E
o

E N
o K K K

N
N N N NN N NN N NN NN
N H“H”H H”H“H”H“H”H“H”ﬂ H”H“H”H“H”H“H”H“ﬂ”ﬂ
HH..‘HH HHHHHHHHHHHH X HHHHH g HHH 3
X F x, XX XXX
. .
x
x
n

E A x e x |
]

.

o
N A
.
E

L]
A
A
A
Al

e

] A M N AN N X

A
£
)
F
e
o,
£
o,

E
F
Ml
|
|
|
A

o
L]
|
|
|
A

A
)
o

e
)

AR
A
.‘x!

Lo T Ve Ty
2
2w
A
2w
A
2

2
o
2

2

2

*

2

2

2

.

*

*

A

|

|

|

A

L
KA

i
b
|
|
|
X
b

A
-]
A
i

A

AL
)

i I I )
|
)

B
HKHHHFI'
HHH
H?l!

x

i )
i
x
S
X
x
S
X
A

|
|
|
|
-
|
Al
X,
|
.
|
-
|
Al
|
|
Al
|
Al
|
Al
-
|
.
|
x
-
M A A AR A
o
|
Al
-
-
|
|
|
|
|

A
Al
Al
L]
Al

|
Al
Al
Al
Al
= |
Al
Al
Al
Al
Al
E |
E |
Al
E |
Al
Al
E |
Al
Al
Al
E |
nl
|
|
|
Al

|
|
A
o
A
X
i
X
X
X
X
X
X
X
AL AL AL
LA
i
X
A
X
X
X
X
X
X
X
X
X
X
X
X

T
X
o
.

H_H?d
A
A
A
|
L]

A
A
A
|
o,
X
]
]
|
M
]
|
o
|
]
M
]
|
N
|
]
M
]
|
o
|
]
M
]
|
HHH
|
M
]
|
o
|
]
M
]
|
o
|
]
M
]
|
o
|
]
M
]
|
o
|
]
M
]
|
o
|
]
M
]
|
o
|
]
M
]
|
o
|
]
M
]
!
Al
|
|
]
Al
M
Al
]
Al
HHH
]
M
|
o
L]
A
A
A
o
b

|
|
|
|
|
|
|
E N N NN NN

A

Al

Al X

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al N
|

g

H"

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

H"

!

|

Al

|

Al

Al

Al

|

Al

"?l

Al X
Al

|

|

Al

"H

HKHHHHHHHHH!HHHHHH

- J
- a
A

|

L A
L |

A A A A
I-Il
|
A
A
Al
|
|
Al
|
M_a_ A A A
Al
E |
A
E |
|
Al
Al
Al
|
Al
E |
A
A
E |
A
A
E |
HHHHHIHIIIIHIIHHH"H"
A
E |
A
A
E |
A
A
E |
A
|
Al
|
|
Al
|
|
Al
|
|
Al
|
|
|
|
|
Al
|
"H
|
Al
M
|
|
|
|
Al
M
|
|
A
A
AN
A
|
Ml
L]
]
-l
A
M
A
M
x
Ml
L]

M A A A N NN
A
Al
b

»
L ]
L ]
Al
Al
-H:
M
A
HI
A
lﬂl
Al
A
-Hl
Al
M
Al
M_A
I-l
Al
|
A
M
|
A
A
A
M
|
|
M
A

& & b &
L ]
»
|
M
A
A
Ml
|
.
o
)
A
A
|
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

5
L)

»
L)
A
A

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
|
L]

&

L]
|
|
Al

E X X K A IIIIHIHIHIIHIIIHIIHIIHIIHIIHIIHI
ERRERERERERNERTETHRTHE R

»
EM)
o
Al
A
A
Al
A
A
A
A
A
A
A
A
L]
||
|
||
Ml

#I‘l#####l#l#il*l
»
L ]

Al
L]

»
Al
A
E |
A
Al
A
E |
A
A
Al
E |
al
|
|
|
E |

»
»
L]

e S
L X KX N NN RN x
Illlllﬂlﬂlﬂlﬂxﬂxv.nllv. " ] IHIHIHHRHI.nﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂl R RE R Iﬂl

A
A
|
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
x
L]

»
Al
Al
Al
AL oM oA N A A A A A
Al
Al
-
Al
l
|
|
Al
Al

)
»
*
i'l:l
i |
n:a
i
A
:l:aal
LA
o
x
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
A
|
|
|
|
|
|
|
|
|
|
|
|
|
|
nannnnnana:aaaannan

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
=
x
|
|
|
-,
|
ol
|
|
|
M
"'H

L)

&
»

o
A
A
A
-
A
Al
|
|
A
H?!

»
L]

l
K
] e
] x K
Illlllllllﬂﬂﬂlﬂlﬂﬂv._nllr. IlllllHHIHIHHHH#.nﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂllllllﬂlllll"llH“l"lHllHlllllllllllllllllllllllllllllllllllHllHllHlllﬂllllllllllllllllllllllllllllllllll
lIlﬂlﬂlﬂlﬂﬂlﬂlﬂ#ﬂ#ﬂ.ﬁﬂlﬂ. lllllIHIHIHHHHH.nﬂlﬂﬂlﬂﬂlﬂlﬂlﬂlﬂlﬂlﬂﬂll!lﬂlllllﬂlﬂlHIIHHHlHHIHHIHHIHIIHIIHIIHIIHIIHIIHHIHHIHHllHllHllllllﬂllllllllllllllllHIIHIIHHIHHIHHIHHI
a B Illllllﬂﬂﬂlﬂ!ﬂ!v.nﬂlvl.j.# . ¥ lllIIIHIHHHHH.JﬂlllﬂlllﬂlﬂlﬂlllﬂlﬂlIlllﬂllllIIIHIIﬂlﬂllllllllllllllllllIIIIIIllllllllllllllllllllllllllﬂlllllllIIIllllllllllllllllllllllll
x XX
X, XX
. Y
X X
x, XX
H

»
A_M
Al
A
|
Al
Al
Al
L

e N N N N e N N N e e Nt et e N
|
o
|
A
-
)
ol
n
n
n
)

o %
»
»
o
F
L

»
L)
-

o
i
|
||
A
A A
Al A
oA A A A AN
Al
A
Ml
-,
Ml
’n.
-l
A
|
A
Al
"ﬂ

F)
»

| R FE R E X N v R IS . EIE FEJEE R N N X « X X KX NEXREXREXREXRESYRESXNEXRESXIHESXHSX®EXNRESNESXIESXHXNRESXREZIXRZI®ESX]ESTHSXNRESXREX®REDXIESTH®ESYRESNEXRESXIHSXH®SXNRESXNRESNESXISES- ] ZXNRESXR®REZIX®RZIRESXRESRRSYNRESIXREDXH® XIS IH®ZYMRESNEZXIRETZIH
HERERERERRSEXRZESE X SN . XXX XEXEREEXERZELXERX x. x. x. X x
K #Illllllﬂﬂﬂlﬂxﬂﬂv.nﬂlv.J.l.j.l..i . rilHHIIHIHHHHU.nﬂﬂﬂﬂﬂﬂﬂlﬂﬂﬂlﬂﬂﬂlﬂﬂﬂlﬂﬂHHIHHHHHHIHHHHHHIHHHHHIHHHHHHﬂHHHHHIHHHHHIHHHHHIHHHHHIHHHHHIHHHHHﬂlHHHHHIHHHHHIHHHHHIHHHHHIHHHHHIHHH

Illlllﬂlﬂlﬂﬂﬂﬂv.lﬂﬂv.l.l.l.l..fl IIIIIIIHIHIHHHHH.nHﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂxHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
H H
H H

E)
»
)
|
|
|
|
)
-
|
i
|
|
)
H‘H

»

o
F )
»
EN)
i
L
AN
M
A
A
Mo
A
|
|
.
™

)
I i i i

»
X
L]

L i . IllﬂlllIllﬂlllﬂﬂv.nHﬂﬂﬂﬂxﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬂﬂHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

|
L

S )
[
FY

|

|

|

)

A

|

A

)

»
o

» X

F

»

i

|

|

|

)

)

o

|

)

|

)

)

|

)

)

)

)
|
|
|
|

e |
|

) |

) |

) |

) |

) |

) |

) |

) |

) |
|
|

) |

) |

P, A AL AL AL A AL L AL
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|

|

M

|

|

)

)

S i
|

IR
E_IRE R
x
NN
E
XXX M XXX HHHHHHHH . ' oo 2 ) ‘0 . E N
E X,

xR

kKR I“I“I

E_R

X_JE_X lﬂﬂ“ﬂ

KX K HHHHH

. HH

E
IIIIIIIIHAHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH

RERERNRSE < XXX N
e R e HHH o Hun oA M A HHH A HHHHHHHHHHHHH HHHHHHHHHHHHHHHHHHH HHH HHHHHHH HHH A HHH HHHHH E HHHHHHHHHHHHHHHHHHHHunHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH E HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH HHHHH HHH

¥
A
A
]
A
F
M
]
]
|
|
A
|
|
|
]
A
|
]
A
]

i
X
¥

. .“HHHHHHHHH”HHHHHHHHHHH”HHHHH
HHFHHHFHHHPHHHFMHHFIH o N X

F3
.
-
F
o,
-
-
.
-
.
-
.
-
F
-
-
F
.

)
o,

A A A o R e e e a e  a a a a
¥
PP R R R Bt R Bt Bt Bt R B o R N R P MR K P HE MW

o
W W W W W W W W

»
]
Y
H
Y
-
Y
FY
Y
F
Y
FY
M
H
M
FY

N NN NN M)
X

e
L e e )
ERE N NN )
L

o)

.4...# ::. .
WA e e e e e e e e e e i
. A A

N e
e e
oy, ol oty

- - " * " '-.."." '-

Jan. 4, 2022

U.S. Patent

FlG. 12



US 11,213,749 B2

Sheet 13 of 19

Jan. 4, 2022

U.S. Patent

R ey Y
A A e A e e e e e A ! R A B A A
X ; ! ; o A
o X el ; ; ot
XA F A A A A, A i ; ;
A A A A A
A R e A A A A R
b A O, A A A, A, A A A A, A, A A i
iy i i
KR N A
AR
X

d

e T Il | Il
]

R

S
G
s
SR
SRS
SRy
S

4
F

EE e )
.4'.4‘}4‘.4‘}4"4"4"'
- i
]
L
A

X
RN U N
L

A
L

ety

i
o
SR
e

>
RN N RN N e e e et et )

x
R N RN )
ENOM)

l-*

o
XN
FY
Y
FY
FY

A A AN
o A .xnr. oo
X

|
¥y

x
NN

'
A A -

J o S
nannaannnnvalananal oo o o™
aaanaxnzuaaa ..x
.x

)
M

W

M)

E ]
L
-5
F
)
P
]
]
)
]
]

)
Ml

~
]
2

x ¥
»
X X
¥
b

i
X

o
o)

)
HH
oA
-]
.

x
X X X
X

F
)

)

M
)

)
)

o

|
)
FY
o

IIIIIIIHHHH?HFHF HIIIIIII s s s

.“llll Il Illl llllllﬂlﬂ!!ﬂ!ﬂvflﬂlﬂlﬂl g L,

A :
o B e s ey
. . i r F® X XN N ERERER
”uI e e T
" A e T e

l...._.......q._...q...l""I 4 ; x ] llll ll llll . . . xRN KR EE R
! ; ! P
.n-

EY

F3
F
)

N N
X
Tx
X X
P P
2
2w
P
2
o
!
MW WM,

E
E
b

Pty
ol

}.l.}. x l.l.}.l.}.l.}. ‘.l.l.‘.l-l-l- llﬂlﬂﬂﬂxﬂxv H-IHI-I- s
e

ST g e
i e
e
e e
S S
SRR R Aol
,

L
b

*
Y
ir
*
i
[
*
Y
ir
*
i
[
ir
Y
L]
*
i
[
ir
Y
[
*
i
[
ir
Y

R i

L+

i
BE AR R R R R R RN
*l* I'*l* I‘*J-* I‘*J-* I'*l* I‘*J-* I‘*J-* |
o

F.
ll!"l"l"l"u. “l"H"l"l ] Eu..
EERER, EEFENE ; ;

e
S
AP P e
*'*l*'
a
g
e
A
e

EY
»
F
~
]
Al_s_ A

F

.

xﬁ
x
H

A
S
Pty
H:H:H:Hx

F i
-
X N
A
N

N

]

-
AN A
oM A A M A

¥
-
k]
-]
-
-

o
xnunxxx
o )
Lo ..r.x M, .x.x.xxxx.
P R R B B B
y”r .v.r”xy”xy”x”xnxx

)
S MMM MM MM
X

)

IHH”F!I!I!HF

FY
>
.
H
x
.

‘l‘
LY
o
M_H_A
.
o
‘e
o,
-
E |

AL A e ol e
i
e
A
Y
o
ol
*
Y
y

¥
‘.
M_A
A A A
|
|
A

F)

|

X R X B X
¥

l"

L8

¥

LA AN NN

PR AL AL
| .._.....
*

L4
"

A

l'l

I-I A A A
A

LR
A

|
=
-
=

ir

"
A

nmn
L
LN

Nt L s
e =
SR
R
s
R
R
i

S

b

o

¢
]
)

EY)
N
i
e

.

A
.
A

~
s
)

XX !
L

i
.

‘e
Y
i
Fd
i
o

.l .l.h.l.-.l.-

i

"

.I...I .I...I..

~
)
o

Y
o ]
A NN M NN
s N
M .
o HHHHHHHH

i

.
. HHH

]
b
]
k.
]
]

Y
FY
F
M
H
Al
o,

FY

|
]
>,
-
-
-
x

XA N

H
F
M
H
]
HHH:HHH
Al
F
)

>
]
.
Al
Al
|
Al
Al
|
-
]

"
|

A A

A A A A
A Al A A A
L

FY

LA N XXX XX XX
o

2
i)
A AL A
o AN
2 a

H?E
,
]
-
|
|

o

-

o

-

|

HJ

Al

Al

|

Al

?d"

-

|

- J
HFHHHHHHP

PN MM N
o

e e e e e e e
)
F
L,

|
-
-
2

2
-
F

RN

‘e
o,
Fd
-]
Y
o
‘e

)
A
e
)
X

xxxx”x’r’
e
i

B
o

R

xAEXERXEREREX A

Hﬂﬂlﬂlﬂl " IIIHH HH
" K
x

k.
E ™ HHH!HH!H

X
L] X,
L KRR X X
KEERERRKETR n
L] lﬂlﬂlﬂlﬂlﬂl lllv

Ixil!xl! o
FY
EY

(. 13



US 11,213,749 B2

k k . . . .

E il ol A 3 o 3 ] b b
ERERE R E R K E L
llﬂlllllﬂlﬂ " HHHHHHHHHHHHHHHHHHH o,
| EEERETRERR R EEXEXEXEXERNREDN
Iﬂlﬂlllllllllﬂlﬂllll K . Hﬂﬂﬂ#ﬂ"ﬂ"ﬂ"ﬂ!

A

i
|
.
i
i |
i
XN
o

ety

:::::l-ilnl
k.

asairiet

I.l

M_M
llllﬂll
A
I-I-I-F
al
-]

M
AA A A AN N

|

A A

-I-

AN NN A
MMM AN NN
AN A A A A *
Illlllll
MM |

AA A A AN AN N &
A
A

A

A

|
|
|
|
|
|
-
|

A
Al
I-l
I'l
I-I
A_A
H'll
I'I-l-
A A A
AN
l-lll
I'I-l-
A A
MM
A
| |
A A A A A
A A A

Al
Al_A
-ll
-HI
AA
Al
A
AAA A A
M_M M_M
A A
A

x
x x x xw x w
x 2w x o e
e e g N B
R
A
A e e g Ml
x w x n x By
o o

b

]
A
A
A
A

¥
B

L ]
*

»
y
)

&
-l

Al

A_A_A
llll
I'H
I-l

|
A
|

F3
»
A
A

L)
!
H"H
A
A
A
A
MM
A
A

!
|
|
M
Ao A N AN N N

L
Al
A
-l
H'l
A_A
A
M
A A
A

]

A
M

A

A

A

M_M

AA A A A AN AN A
A

AN

i ]
JERERENERRN
xR EREXRELR L] 4 a &
EERERENENRERRERN | & b b O Jp Jr dp dr dr dp dp dr dp
ERERERERERERRRE A B | a4 A Jr O odp dp i & F
T EEEEFERETRN

l ...
/ aaaa:.ukk...&.q...&.q....q.q
AR R A NN NN NN P s e e L3
naaanaaaaa ....unnnnnnnn

..

>
Al
Al
|

A NANANANANANANAN

HHH"HHH"HH
'-I-?l
A_A
Al
Al
Al
Al
Al
Al
AAAAASAAAAAA
A
A A

b

N
I:IHH
|

Al
A
Al
A
Al
A
A
A
A
A
A
A
A
]
A

EAXKERKIRKERERRHNM.: o5 o N bl il 3
XX XX XXX R XN L
X HHIHIﬂlﬂlﬂlﬂlllﬂlﬂlﬂlllﬂlllﬂ IIHIIIHIIIH II
R JE R RN ERNERRRER ] KRR
L

!
A
A
M
A
A
M
A
A
M
A
A
M
A
.

"
RERERERERERERERERERERTRN ERERERERERERNERTHE Illlllﬂllll
lﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂ llﬂlllllﬂll
RERERRERERERERERERNRTR ERERETRE
EEREREKERENERRERER LA,
xR R XX N KN BN
ERERERERERERNERTHNE ERREX ]
l“l"l“l“l“l"l“ﬂ"l"“ ll IIHIHHHIHHHHHHHHH HHHHH
Illlllﬂlllﬂlﬂlﬂlﬂ!. [ ]

el e
Al
Al_ol_ Al
Al
|
Al
A_A
lﬂl
|
M
A
A
A
A
A
A
Ilﬂll'
A A A A
A
AN

]
Ml
M
A
A
|
L |
|
A
M

£l
e
i
i
i i
LA
E i
|
|

!

|

|

A A A A

| Al

A
Al

A_A_A

A

-

|

e
» XN

- I“H“I ; |
R
s
H IHHHIHHH

x ..Hn“..“n”
x
X X X
A ]
N N R
g
XK R
XXX
R R

Sheet 14 of 19

MR XX

]
|
Al

]
e

oy

o T i i
A

n.n

i |

W,
A
M
AA

.HF.-.HI"I"I“I"I“I"I“I“ LA

] ERERERERERRIRE

o lﬂlﬂlﬂlﬂlﬂlﬂlﬂl!
xREXERZXERXE M

- ERXERERRERRNK.IN

o Illllllllllllll!

o lﬂlﬂlﬂlﬂlﬂlﬂlﬂl!
RERERIRER.I M

- ERXERERERERRTH,)

- Illllﬂlllﬂlllﬂlv.

]

-

-

o

]

-

x

-'H'
HH
M
A
A

Al
A
A
A
M

»

)
M
F3

o
P,

Al
Ml
Al
Ml
& &
4"4
r
F
¥
& &
Jr'q
r
H
)
||
A

A
M,
-
Y

e
A
Al
A

L
M XX

Al
Al
Al
Al
L]
L)
LI
[
l
A
I'l
A
A

L)
i
e

)

¥
o
»

Al
Al
Al
Al
D)
|
»
»
i
M
L ]
?!x?d ]
»
i

o

|

M

A

A

M

A

A

A

»

»
o

&

|
Al
|
Al
L ]
H

»
*I'
i X

¥ ¥
i
o )

¢
»
2
¥
»
»

M
A
M
A
|
)
£
»

¥

»
oty

Ty v vy s rrrrrr o b d d dr koo ko

R F
ok bk deodede b M de de deode b e d b bk R E R L

]
|
Al
|
A

»
»
»
X

Al
Al
Al
Al
Al
EY
»
¥
'Hxﬂ E

FY
x

E
"
¥

X

H
»
»

T
L
»
B
¥

...nHHHHHHHHHHHHHHHHHHHHHHHEH
A A X EXEXEEXEERERR N
.._nHHHHaHﬂﬂvﬂuﬂﬂﬂ.ﬂﬁﬂﬂﬂﬁﬂﬂﬂﬂﬁy
.uﬂnﬂxnnﬂanxxr

XX N X

XX
L

nxnnnxnan.

oA
|
A
A
|

Y

»

Al
X
i
|
X
L)
i

ERERERKERERTRK.IN
R R R 3
KRR RERERNRNE.]
AEXTRELTRETHN
FEJEFE R R N
IIIIIIIIIIIIIII'.

»

-.IH
HH
Al
Al
Al
Al
X
¥
¥
>,
E
M
XXX
N
L)
Jrk#kl‘l‘l‘#tl“
L L

Ml
|
5
1]
Ml
»
1]

i

]
o N A
i
A

|
i, |
N
Xk kR RN RN
X Xk i
x
X
i

Al
»

A

A

A
X

.HHHHHHHH#
X XXX

i)
M A A
M A
A
M
M
M
M
oA
)
L
)
M
)
x
X ¥
ax

AN N N M
>

o
|
Al
|
Al
Al
]
Al
Al

xR M
xR X HHIHIHI?.

[
Al

E
H
[
»

i
T

13
M
|
-

-
o
e Y
.

M
M
L
M
A

A
L
X X
ax

R R E R E R E N
R KRR R
T
ZRREXREXR XN
e e
2 R R RN
YRR R R
" xR R RN
I
i A
R K R ]
e - e

x
FE = JE FE R FE R R N L
E_R KK LA

|
"l
Al
‘!H

T EREEERRERERN
XX E R n"n r l"n"n"_..
FEREEEREREERN

X X E I lln | s nala?.

. nlannlnn"z
RXZIEEEEEEER
nn”unl"nnlnn":..

FEEEEREREER
"z

E

o
A
|
A
o,
ax
A
A
A

Ml

Ml
x

|
HIH‘!

e
L e i i S e N N e

N N N RN N NN N M )

R
N
A

A

F

»

X

F N
A
F

¥

X

]
Al

Al
W
|
| i BB AN E NN EEEENENNENHN]
A
A
X
3
*T
A
A
A
A
Al A
A
ar
»
*

T
i

AL AL
e

i
|
H"H A_M A
Ml
H:H'?l"?ll
AN A
'H-H-
X
o
Ml
A
A
A
A
]
Al
H
o,
|
X
L]

A A A M A M N A A M N
F3
»
¥

M A M AN
A sl A N N
A A A A
Al
Al
Al
Al
X,
-
A
S A, o o o

Al
'
Al
:Jr
»
Ty
5
A
N
-
A
-
L]

.....I.I.IIIIIIIIIIIIIIIIIIII

-'H
Hﬂ
Al
Al
Al
Al
Al
Ml
Al
Al
Al
Al
-H
L
A
MM
A_A
A_A
i
o
»
L]
|
Al
M
L
A
A
A
A_A
A
A
X,
Al
H"?l
H"H
HHH
Al
Ml
A
Al
)
P
L]

]
Al
Al
Ml
Al
A
Ml
A
Al

L}
X

T
A
n
A
A
A

A

Ml

)

"
'
X
A
)
o
|
)
X
LA
|
)
L
|
A
o
|
P
»
PN
|
|
|
|
|
|
|
.".l."
i
i
x
i i
LA
i
'r*_:‘rJrJrJrJrJrJrJrJrJr
e
L]

e N
T T T T T T T T L L L e

|
)
|
|
)
T Ty
i
A A AN MM

x XN
T
"
xR XN
X
x 2 x B
L
; x = x B
A i -
| R o
x = x NN
A N
--"..I.T.T.r|.'
H"!..'.T.r.rl.r

e
x % A B

Al
A
A
A
A
-]
X
x
Ml
H
X

A
A
A
A
A
A
X
Al
x
Al
.
h ]

Ml
|
M
|
|
ar
A
M
|
|
Ml

F i & & & & i 0 i
|
|
|
|
]

L R B
|

-
|
M
]
|
M

1)

¥

T

T

A
)
M
)
M

r

P

N N

¥y v

A
A
A
A
A
A
ki k’r FFFEFFFEFEFFEFFEFEEFF
A
s

&

“-_”IIII ”

IAHIIIIIIII..TE...!
&
-

A
)
A
A
-5
Ll N M)

I e

¥
rx
)
LI |
A
A
XN

A

X

|
|

!
|
|
|
M

L}

L4

T

L4

L}

L}

L]

M A A
.

]

"N
o
|
M
)
M
|
]
|
F
|
"
AN
i i
E i i
A A
]
|
|
A
Xk kK
A
|
r
r
LA
|
)
r
¥
|
i
*b
L]

- |
E |
Al
E |
E |
Al
A
Al
Al
A
A
A
E |
Ml
A A A
W
oL

¥
¥
¥

FEFEJENEFE NN =LA N
L o
R

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
]
L4
sl A
]
F r

"H
S
M

-

|

M

A

A

M

O
o

M

F
M_M_N
AA A A A
A

|
Ml
|
Al
Ml
|
A
|
|
A
L
A
|
Al
Ml
|
Al
FY

L4
*\'
]
Y

l.l.l N AN NN Ill-I-l-l-I'I-H-I-HHH“HxH"Hxﬂxﬂxﬂxﬂxﬂuﬂxﬂxﬂxﬂxﬂxﬂx

KR RN e A
a"__."a"a"__."a"a"l"a"a"lla"a"l"a“a"llaaa "
ERERRREERRRRRR]R

3
r
L]
I

N I
Al

A M
L
"
L]

M_M_N NN
|
Al

h ]

r
"

Ml
|
M
|
|
M
M

L}
o

"

]
Al
Al
Al
A
Al
o,
o,

|}

L

1

r
|r
*

¥
T
Al
e
-I
Ml

Al
Al
Al
Al
Al
Al
Al
Al
E I |
]

H-'
"H

|

|

|

Al

M

|

A

|

|

|

Ml

o
L
AN
M A
|
Al
M
A
|
Mg

b\
L

r

‘b‘

]
|
Al
|
|

Al
A
|
|
|

LY
|
o
|
x
]
-

b'r

r
.

"
|
il
xﬂ
|

|
r

X A
X A
X A
x X

]
Al
Al
Al
[
.

S
"
S
A

Ml
Ml
Al
3
L
r
rF
A A A M
A A
1)
H
E |
Ml
Al

.
o,
X

]
)
|
)
|
r
i)
)
r
.
)
|
i)
i)
e
|
!
M
o

* .H.HHHHHHHH.
A

Al
Al
E ]
=
[
A

]
L]

A
A

i
i i
i

LA

.

o

|

|

1]

L

r
o
r

X
o
A
AL
X

*
|r
*

|
|
|

-
"H l_ A
A_ M A A
|
:HH-HHH
A
Al
A
Al
A
Ml
M
[ ]
r
"
b‘
A A
Ml
"H -
F
)
r
A
Al
Ml
Al
il'"il'"'l Al
k|
-I
A

L]

Frrrrrr
1

NN N B R R N R NN N NN NN
M
|
|
"

]
Al
|
?ll?l
HHHHHHHHHHHHHHHHHHHHH"
"l
|
.
LI B B BN B BN B B |
[
.
o
| X,
x
Al
)
A_x
A

w
Ml
Ml A
Ml
Al A
Ml
LR
E
Ml
- ]
A A

.
M A X A AN » HHH
HHHRHHHHHHHHHHHHHHHF I”" i HH
XXX X XXX XX N ; x
MR N NN XN N J i ]
EEXXEXLEXXERN s .
N M NN NN J J
HHHHHHHH”H“H”HHHHHJF ]
. RN N

!

Ml A
Ml A
A
Al
A A N M
|

Al

A
-I-I-I-I-
A A

S KERERKERERKTRIRK
3 lllﬂlllﬂlllﬂlllﬂ
‘RERERENRRRER
= R RN
EXREXREX R X
= R ERERERERRINE.:
XX R K
KR 3 = R R KR K ’ .
] EXREXREXRRK ]

v . = R RN RN x,
ERERRREHRIREHR L
= K RERERKRERTRK K
XX R XN XN
SRR R R EE M
ERRERERERERIRKTHE

Ao A N M
Hﬂxﬂﬂ

Al

Al

Al

|

Al

Al
F'!H

wl

Al
Ml A
Al
A A
Al
A
Al
Al
|
Al
Al

LHE ]
F ek rrirr

Y H“H”HHH”HHH”H”H”
HHHHHHHHHHHHHH”!
" J

wl
M
A

R R

XX XN

!
Al
A
Al
Al

Jan. 4, 2022

]

!

|

Al

|

A

|

o

HH"?!

= |
AL A K A K N N N
= |

HH"

A

= |

Al

Al

E |

Al

= |
HH"H"HHHHHHHHH
Al X,
A

E |

A

A

= |

HH"?!

A

]
HH"HHH"
A A

|
-H"H-H-
A A A AN

|
-H-?l-“-
AA A A A A
AN N A

|

|

|
X,

i
M
A

]
]
i)

MW

-
oA e e e e e e " qthFFFttFtFil!b
IR NI NN R 3 RN N RN .-..-...-......-...-.
..l.._.._.r.._.-.-.r.-.-.-.r.r.r.t.....v.r.t........._..v.._........lh. e o .r.._.__.._.r.._.r.-.r.r.r.v.....r.r.t.....v.._..._..._.........-.-..-..-..-. * 2
i e T e e A T S A S e S Y [ S A A e A S e e Y . T T ]
o ol nnn“n”n”n "
R R

AAAAAAAAAAAA T

2 & b b S ok Ao ar ]
-._..__.__....-..__........r.r.....r ""

w e o e e e e e e e e
T R R G R R R R
R R R R
i i

x

E |
A
)

AAAAAAAAAR,

A

R

W

F |
Ml
A
>
A
-]

'H'I'l“l'ﬂ'l-l' A

S
E

A M
Al
Al
N NN R RN R RN R R R
|
A
A
'I;‘
A_A
A
A
A
A
A
A
|
A
|
A
-HF.
A
|
A
|
A
A
A
AN
A A

|
lll Illll
KEREKER
]

A A
A A A A AN A AN

AAAAAAA AN KX
AAAA AN AN A
A

A
M
HI-HH
AA_A A

=,
A

'I-illllll

oMM
A _A_A A A A

F

]
F ]
]

]

.
= r
L i

A

i

e e A A A e e

R A R R

U.S. Patent

FlG. 14



U.S. Patent

144

Jan. 4, 2022 Sheet 15 of 19

M N w A A A A AL A A A
A
v!!!-!ﬂllﬂl?ll

iy
X

W
.
X

Sl
oA MM M N NN
]

L. L. L. L E
ol

H:H:H:H Jrerar:Jr:J

e Y

v M »
AW
-l:il:l:l;?l-'.l:'""l" ™ u :
| :-:-:!:':'l"":':_':':':':':':'l'l'l_'l'l'l'l'l'l'iI'l'l'l'l'l'l'I'l_'I'l'l'l'I'l'I'I'l_'I'I'l'I'I'l'I'I'l'I'I'l'I'I'l_'I'I'l'I'I'l'I'I'l'I'I'l'I'I'l'I'I'l!I!I!l!I!I!l!I!I.l.-‘-.'..- e [l
e ! P
Pl N N N N N N N " »
e e e U N B B U e U O U U U O U U U U N U U e B N U U e -
U i A I I I A i i i i i i i N i e I N A I I A A I R e i e i i
U I I N I N I O N I O N O O I U N O O O O O U N O O O U O O O O O N O O B N N . ¥ IO
I U U N A i i i i I A i i A i A R B A i N A i A i Wi .- BN
A I I O I I W N I N I N O I O N B B O N N W U N O U U N O U U U O O O IO IO I I B i LT N
A . |
n'n-n!nHn-n-Hxxx:x:x:x:x:x:x:x:x:x:x:x:x:x:r:x*r:x:r*xxx*x*r*x*r*xx . *xxx*x*x*x*x*a-xx*.--*xx.--*x*.--xx*x*xxx*x*x*x*x*xx.--*x*xxx*x*xxx*x*xxx*x:xxx:x*xxx*x*xxr*x*r*x*n*nxnﬁn*nx Ko R :-_-:-:-:r .:::'-::n:a:a:
N I I I O I I S I N I NI I I I NI N I N N I I W . woeow w o A
i i T I N A R A ™ ; T - e i
MR A S e M ; ™ M o l.h"'!x"n"x":
o ; o A
T N
" L
e A
. L) :I- L )
: - "

,,,,,,,,,,,,,,,, ™ 1'I1'H1'H1'I.h. .h o
Y F r e R R FE RN R R RRRERRERNRERER R RN RN FR R FR R R YT R HHH'H'HHHHHHHHHHEHH..! .H...I......
d || || HE E N NN I.l I.I -I-I-I-HEHF:HEH.-!!..:.:.
.:-! » i | HE EEEEENNDN b}%ﬁm}}%ﬁ?}?}?}?ﬁ .. .E:E:E:Hx!x!x * .,...
- e B e e e ot amat ok kot b eme ks e
: bt L e e e e
d :: L :::I:?l: l!l?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:H:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:?l:H:H:H:H:H:H:H:H:H:H:H:H .:H:H:H:: ..
] l. .:"a;"x"x":x' :i! H. le b ] ?lx?!xiIxi!x?!x#ﬂlﬂ!ﬁ#ﬂlﬂﬂﬁxﬂ!ﬂ!ﬁ!ﬂlﬂ! E A il!x?! il!x?! - ] il!x?! F xﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬂ”ﬁ! o T i 'H!I!xi! ) l.
: A ey e ta o ta et ot e ta o e ta ot e ey e ot e ta e e ta T o a e e e ta e o a et aetaTetartatatataTtate Tt ettt
; L MWW, e
: il-iI-I-il-l-iI-l-iI-I:il:l:l:l:l:l:l:l:l:l:l:l: ::::t'h..'h..
K g m
S, I-Ir- 'I-I- l.il.l-illl-l-l l-lll | ::EE........
e e e ety
HHH!F!!:-.' I-Ir ::l- A A iI-iI-iI-iI-I-il-l n || ::::z.-...-..
e m
HHFEHF;H;-:' 'f .' .I | l'lllll'lllll-l-l ::::E...h...i L ] .-I
o A e
e o e e s
LU ..'-' L l.l.l. l. l. 'I‘_I
K , -I. » k ' [ ] -I
pastete e e SR
" :$%‘ e aTaa -
4 e .
K o i m o
Ko .:':"'-.__- s &%-.__-. .
oo T e e e e
gty :ﬂ% e S e
L, T e i
K. - ::: o =, I-I-Ih I- I- 'll
k e T '-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-'-%‘-‘-%‘- M w
: 3%\\' : s
; s e e e e e
R SR ==%
L iy e
& RN R AR =:%
; et by e e e e e oy
R e
:? e s
R e A s e
) A A A | | HEE | | || | L e
4 St e Mol
. S e e
: e e e TR AR e R
) HEE HEEEE | | || | L e o
. " o M e
k " i o
R R e
; . e i i N m e e
R e R e e
; . T T Ty o T, o et
‘ o R
k i i e,
k || l.l HE EE HEEEN I.I l.l I.l I.I I.I.I.I.I.I.I.I.I.I.I.I. l. l. ll‘. I.I |
R e e e
.; | _ .I.I || I.l I.I || | | || | I'J- | I-
e R e
¥ s e e e e
; ma e e e e e e e
X ! e i A,
k m e e e o
R e e e
" . i e
‘ e e arat o
N m e e e e e e o
R e e R e
Pty e e e e
o ot e e, o
l',"ll' i HEE | HE NN l.l l.l || | l.l l.l l.l l.l.l.l.l.l.l.l. l.l.l.l.l. l. I‘_ |
At ghge e e e e e e o s e T
; s ety m .:::::::.-.:.:::.-.::a_ a_'-:::::&_:-.::'-.ﬁ :.:-._:-.E-.a%__-. e e e
" s u .:::.:.:.:E:.::_ :::::::::.:::E':.:EE'_.E'-._:EE::E'-.:.:-._:-.E-.::-._:. e
) | | || HEEEE | | || | | l'
i e e
X ﬁ e i e .-:-.-..-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.ﬁﬁ-.-. e e e
: s e oo e e et B e e e
R e e e e e e et e e
; maanny b W X
‘ ﬁ e e e e e e o e e
SR R et e e et e e e e e
PPPFF'II'. . " u 'I 'I '- 'I 'I '- 'I 'I'-"'I'I'I‘I'I'I'I‘I'I‘I'I L E R R E R E N ENENENE N
praten e o e e s
Patfotess ey : e o s e
:H:H:F:".. l.l.I.I.l.l.l.ﬂ.l.l.l.l.l.l.l.l.l.l l.l.I.I.l.l.l.l.I.I.l.l.l.ﬂ.l.l.l.l.l.l.l.l.l.l .l . I.
H:H:F!:i-.i: u -:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-: Il E NSNS NN EEENEENENENENER | ||
phatetet s e e
H:H:H:F.i: l:l.l |II:‘I:Il'I.H:IH'!l!l!'!l!l!'!l!?‘l'!"l:
ol e l|: e o
] L I- -I | 1?‘71“?!::!!?
,- s T o R S
h llllllllillil_li!i!i! b
b o
b AAAAAAAAANA G
ettt et
H:" "?l " l-.-;‘-:-:-:-:-:-: A AA A A A A A A_A A
] : l:I:l:l:l:l:l.l:l:l:l:l:l l: A A
; :Il;‘lll " ;"l'.l"."'.;‘".l".' ..... A T ETE .:I ] .l I T WX
:l:l:l s i EE N
':':i'! i X L]
ey
e
", 3

L e el
MMM W
e A

ol A i R R i -

FIG. 15

US 11,213,749 B2

142



US 11,213,749 B2

Sheet 16 of 19

Jan. 4, 2022

U.S. Patent

F B F 2 F 2 F 2 F 2 F 2k F FFFFEEFEEEFEFEEEFRFEEEFEFEFEFEFEF

¥ EFFEEEFEFEFEFFFEEREFEFEF

*E R FEEEEF

L LN NN N NN NN BN L

ras s == L Ll

X ok X kN X b ok Xk ok X kX

F

F

o

[Nl ™

ol o o o F F o F o F F o F R R

F

F

F Y F F F " F F F &

A aa AW .-_l..........r.-..rl?.-..r.r....l.-.

LR )

X
oA A

') PN )
i TG X
S N

]

B i Rk Xk e a r

EE X X

KX .HHH

i |

rok

A ke .

FFF

e d Xk b

» - s
L

e N e -luq"_ I

&
Il!?.

L
LN
*

FFF

[
-

F

F

F

F

F

F

FF F F F

F

FFF

FFF

.HIHIIIHHHI

W M

F

F

F kK

F

F

F FF

F kK

LN P NN N RN DO L RER N DR PR NN )

LIS DR N DO DL DR DU DR DU UL DUR DU DR DR DR DR

- k
F o
A NN
HHHHHH

o ;
o 2 e o

dd d ko d o dok A

N NN )
o A
T R NN N NN

o

i ap i i

k]
X
.

]

C N ]
e - -y
e

i
vxvnvxvxvxt -

'?d

e

>
H_HH

i
el g el

L] 'H”'Hx'ﬂx

H
L]

e e
e o el

FIG. 16



US 11,213,749 B2

Sheet 17 of 19

Jan. 4, 2022

U.S. Patent

o
HHF v.__.“__.__ .u..HHHHHFH.__

B A A A .x..x,..x...r......
:EE““EEE“EEE’_ _u-.

IIIIIII -_I N

P
L
| ]

s
P

..
e
.“._.Hnnnnnv e
o o Al e e

e N e e

.
..”“..Hnananv ._._4._._.-_.-_.-_1

Ly

o o A S S LR A
o e, ek a e
o e
o e e e
e oy
e e ]
o
.._.”nananx.. AL pC e nl
o xS ) -
e e )
e e ] Y
o g e e e e
o S o)
A
e A
o
o A e e
e e

kol

ol
b
IIIIIII-_ ._.Illl l" ] HI lI II Ilﬂll

| xR AL LG L
.-HHHHHHHHH? l.ll. Iillillliiil i‘

.Hnr.” b ”nHnﬂnﬂnﬂnraxwaﬁiiiiti...iﬂ .
_”_v_”x a:Hﬂﬂ#ﬂﬂﬂﬂﬂﬂﬂﬂﬂ:ﬂﬂﬂlﬂ:ﬂﬂ. .H
A

A

A

g b

Fo =

AN,

gy

A,

u_“wr.ﬂ

”annx

HLHH.

.

"”__”!””v" - ._..I - |.l r.l ._.I - . ...I ...I i~

mu_“v_v.v“ | 1

I“I"I"l“ﬂ"ﬂ“ﬂ“?”rf."l.-
IIIIIIIIIIHHHIFFF -

"I"I"l"l"l“ﬂ“ﬂ”v ”.- “I.-
EERRERLRAN K
EEE K& XX NN N =
IIIIIIHU.-II
EREERINREZXX NN -
EE KK KX A
EREERRESXSX N N
HERREIREIRKSX M
EEE K& X XN N
EERREIRSXER N :
EEERRESXX NN
HE R KK X A
EREERRESEX N N
EERREIREXIE X
EEE K& XX NN
HERREIREIRSE M
EREERIRESXX NN
EE KK KX A
EREERRESXFX NN
HERREIREIRKSX M
EEE K KX XN N
EERREIRSXER N :
EERERRESXZSX NN I
HE R R A N
HEEREREX XN NN
EERREIRKSXNRK N
EEE K XX NN
HERRERIREX
EREERIREX X X
EE N K TR
EEERREXE X NN
HEREREIRKTRESXHM
EEE R E XX 5NN
EERRERSERN-FE
EREERIRESXZT NN N>
HE R X A N
EREERREZSXSXNNE.:>
IIIIIIIIIHHHHIPFF

B RC L L )
] W
RN el

L] ]

l.l.iit l"

L L

. l.l.liiiiil"
IIHHHHI l.l.l.lli l'l

“IIIII"I"I"H“H"H“H“ I" l.”l.”l”i“
EEEE X X E LS R N e N
IIIIIIIIHI.IH.-I dr dr o &b BB
I"I"I"I"H II"I“III. .-...-......-...-.i.-_t
HEEr | I .n E

L ]
| ]
sy
I
I

.............. g P P P P P WA r. ,_.. aﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
i P o e

l""ll""l.""ll""ll""ll""lll"lll"l.l"l"l"l || || || | | || || II III IIIIIII IIIIIIIIIIIIIIII HEEN
.mumumuﬁﬁﬁﬁm%% ..................““..“““u..."...“..............."...".".".""".".".".".".".

e e e e e e e e e e ._._-._._
.-._--._-l-._--._--._-l-._--._--._-l-._--._--._-l-._--._--._-l-._--._--._-l-._-l-._--._-l-._--._--._-l-._--._--._-l-._-l-._--._-l-._--._--._-l-._--._--._-l-._--._--._-l-._--._--._-l-._-l-._--._- e
P e e E e e e e e e, e
e e e
... . ._,__u.1._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-l-._-._-l-._-._-l-._-._-l-._-._-l-._-._-l-._-._-l-._-._-l-._-

B e e

“-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._--._-._--._-._--l-._--._-._--._-._--._-._-- e
e e
e ey

e
e oy
ot "._"._._"._"._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._...._.._...._.._...._.._...._.._......_.."..._".." e
e e e mse e e e
-.I IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI IlI | IlIlI I'I' [
".".“."."a“an.”,nn"u"._.u"._.u.._.u.._.u.._.u.._.u.._.u.._.u.._.u.._..._.._.u.._.u.._.u.._.u.._.u.._.u.._.u.._.u.._.u.._.u.._.u.._..._.._.u.._.u.._..._.._.u.._.u.._..._.._.u.._.u.._..._.._.u.._.u.._..._.._.u.._.u.._.u.._.u.._...._...._...._.u"._._" e ..“..""" .
IIIIIIIHIHHHHIFPU nII | || | | || | ] 'I'
e
R A
e e s
IIIIIIHFFII lIlII || IlIIlIIlIIlIIlII | IlII | IlII | IlII | IlII | IlII | IlII | IlII | | || | IlII | IlII | IlIlIlI
Sl ...........“"....u..u"““.....“....““""....“..u"“.."....“... e =
e m e e, e X
"I"I"I"H"H“H"I”H”H"I"I"IIIIIIIII l" II"III" II I"l"I" II" II" II"I"I" II" - I"'"II.-1
I"I"I"I“I“I“HHFWHHWMI"I"II = II "I IIII"II "II III II"I"I I"I"I I"‘ ”

EEERDXESXENEAN < BN

=
o

L]
"
"

.__ XX EAXERERER

.
I:l:l
i
n:a:a
A
i i
n:a:n
i
o
o
nn

n

n

n

IIIIIIHHFEIIIII

B R K N u.ﬂIIIIIIIII

HEERIRE.SX x &t EE E
IIIIIIHIIIIHHIHHF nIII
HERERRRESXNE | E
EEERRKESIESX L K K K
HE R X XN E x E
HEFERSEESX £ E E |
HERERERRXT N | EE
HEFEERSTESY LE x x | | E x
HEEREREXRENR ] | | e E
EEEFEERLST x££ | E | K K E |
H_E R N E E | | x x | |
IIIIIHIII IIII...ﬁ IHII KEER IIHIIII ERXERE K IIIIIIHII IIIIIIIIH ERERIER IIIIIIHII HII
HEFE R I“II-_..__.II IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIII
L N EE EEEEEEEFEEEEFEEEFrFEEFrEEREEREEFEREEREEEREREEEEE R EE
F_REE EEREEREEREREEEREREREREEEEREENREREREEREEREEEEREREEEE R E
= EEFE EEEFEEFEEFEEFEFFEEFEEEFEFEFFEFEEREFEFEFEFEFFEFEREREREEF EE
KRR EXREREREEREREEREREEREEEREEEEEEEEEREEERERERERERE R RE K
EEERE EEEFEFEEFEEFEFEFEEFEFEEEFEFEFEFEFEFEEFEEFEFEEFEFEEFEEREERE R K E K
EER EEREREREREREEREREEREEREEEREEREEREEREREERRERERRERRRE K
EEERE EEEEEEEEEEEEEEEEEEEEEECEEEEEEEEEEEEEEE EE
L] FEJEFEFENEFE N NN N FE R E R R R KRN R R R NERNERSRRER R &
EEERE EEEFEEFEEFEEFFEEFEEEFEFEFFEFEEREFEFEFEFEFFEFEEREEREREF EE
xR EREEREREEEREEEREEEEREEREREEENENEEEEEEEEEREEERENERERERER
EEERE EEEEFEEFEFEFFEEEFEEFEEFEFEEFEFEFEEFEEFEEFEFEFEFEEFEEREEFEEEERER
L] RERERREREREEREEEREEREREREEREEERNREEREEREREEEREEERREREREREREREREERNE R
.I. .I MM, “__. N, .__.I“-_"I“__"I“__"I“-_"I“__"I“__"I“-_"I.__.I.__.I.-_.I.__.I.__.I.-_.H.__.I .I.-_.I.__.I.__.I.-_.H“__"I“__"I“-_"I“__"I“__"I“-_"I“__.I.__.I.-_.I.__.I.__.I
X M M e M el el W el W b by b Ml el W el e N W

ﬁ._- ._-LL._-._- e
o e e ._-._-._-._-._- ._-._-._-._-._-
.1.1 . .1._- ._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._-._- e -

...........................
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIEIIIIIHIIIIIIIIIIIHIII.i J

|| "l" l" HE NN NN II"I"I"I"I"I"I"IIIIII HEEEENENN
| I I I I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII W

u..u_ PFFHFHHHHHHHHHFHHHHU b

IIIIIIIIIII ]
| IIIIIIIIIIIII IIIIIII w .I .I .I o
L l Illlllllllllllll:.h:.x:.#__.r.__.v._. :.v
o EREEEEEFEERESEX N N L
IIIIIII-_IHHFH e
EERERE™EFSNNLN F
HIIIII'II ] o
R A EREENFETR o,
E R KR | - B | ] L F
EERE NN =M .
XRERNKERN L ] x e
- .
H"I"I"I"! "II.-_.-_.-.II "l"l"l“!“ﬂ“!”ﬂ . .__..ﬂ" HHU.-_
xR R RN NI -k B NN x L
EERERE N [ B B EE XXX N o ] .
X R R NEN NN [ IR X XXX NNE F A
EE R E NN N ] EERESE X NN ¥ F F i
ERREREN_N] [ N ] ERERE XXX MNST
EEERE L] I EERXX NN VI
X R R KN N [ R X XN NS £
Rk ERE N] ] EEREXEXE NN ¥V EF
X RER KN N [N ] IERERE XXX NT
EEERE N§] ] EERESR X NN F
AR R RE NN [ N ] HRERE XN NN £
EERE LNL] ] HEREXXENNE ¥
AR NN NN N R X X NN = £
EEEE LN EEREXXE NNV E
AR R N NN NN HRER XX XN T
..... EE R E LN NN HEER X NN 1 F
AR R E N NN NN ] HER XXX EYN £
EEENE LN NN.] EEX X NN ¥ o,
. L & & R W R E NN N £ F
i EERE LN NN,] HEREREXE N NN ¥R .
k k . -
"I"I".-_“!”H“H“v.AH”H”!”HHHPU. “I“I"I"I” I”l”l”i“'" - I"I"H“H”H“HH!“L“-.“I ”H”
B s A N AN oY NN K E R E LN NN, EER XXX NN E o,
IIIHHHHHU.—.FU AR N SN NN RN XN N & F
W = W N N N W oA N A IIII..-_.-..-_.-_I_I-. HEREX NN MW E .
"I"I"!HE”HHHHH”H E g Hl“l"l"l” l“l“l”i“'“'" I"I"I"H”HHHH!”U_.“I ”H”
R EENE LLNNNH. HERXXNMNYE o,
L &k R R E N XN -
g R ERE LS NNH. EERX E X M ¥R .
AR R N BB N EE WX XN NN e
EEE E LN NN.] | N F
AR R E N BN A NN N R E X XN o
R E R E LS SN NN EER X XX & K o
AR N SN N ] W ER XN N F
EEERE LS N] [ B B FEEX XN NE .
AR N N B L ] e XX NS P,
EE R E LN | HEE X & N R F
AR R E N BN [ e R XN P e
EEENFE LS N [ B B EERETXT XN NE F L
AR N N ] | -
R ERE LS NI [ ] ERERE X M &R o
ARERERENASESANLLNENEEENREREXY N ST A
3 q EEEE LRSS ILLNNELELEFEFNRESTY T N F F
AR R E N LS E NN E KR X XM ¢ E A
EEF & KN & K& K ERE LA SN NN KRR XXX NR
W WA KN = N N AR N S S N LN 4 MM &N 3
HE R F NN & N NN NN E EEF LN SN N A e X X N N E
Bl E N X NN AR R N S ] JERE X & & o 3
WEEF XN NN W e wow LN N - L £
O E N N X N N N AR E N LA A NN MR & M8 N ¢ o
MR ON A A A A o R N KRR X w
W WA KN NN NN P i & & X &N © F
B EF XN NN NN E E LN N E X RN N R .
B E AN X NN N A AR R E N S a ] R X &N e
WE R N N A EEEE LMY ] X N A E F
Ol E N X NN £ § ERRERERN .-.......-..-_II.__.I. R X M XN ¢ e
EEF X NN & N =X K E R E LA . DT E X X N & N o,
W WA NN N 2N N F L O - X &KL F
HERE E NN & N NN E EEF LS AN B X X N N E .
Bl E NN XN o N NN NN AR R N S SN ERERE M X ¢ e
WEEF XN N+ NN N e r LA N ] -.I.I..__I.II EEXE K X FE F
W NN NN L J AR R EN NS ) ERE X NN o
BN XN AN N o EE EE LN NN . LA E X & K A K o,
Wl E KN P i i R | F
BER &N NN EERE LN N] EEREXRE XN E .
Bl E NN X A Mo A A AR N SN N MR A X ¢ A
e il EEE E AN LN N N EEXX KN F x
Bl NN X NN ANV N AR R E N AL SN NN ERRE M X f_a N A
BN &N NN NN o NN K ERE LI SN NN EERXRENE F L
N N P i i o & R | H3 o d
HE R E NN & NN N N MW EEERE TN NN NN HEREXRETXTE u
HOE N XN XN & §N M AR R N SN N ERRE A X ¢ H
| N S ol B E R E A AN NN N ERERESXREXERNESX = & & & i
Bl E N XN N - H AR R EN AL SN NN HERrE AR H
- LA EEERE TN SN NN HEREXETINE
N P i i & & & kR WP R AR H
B EF & B ERE TN AN NN HEREXEETXTRE
HE Y AR R N S SL N ELE HERrENX H
| EE E A NN N NN HEERENFE
HE N E AR R E N AL SN NN ] HERE MK« L
EEN X R ERE TS AL N NN EERELTETIE
N P A i i & & B W AR - H
| ] -_ o HIIIIIII:. #b.#l.l.l.l.l.iliiii"' | IIIIIIIIH -_I o
I N o & & & EEREN K

A
|
i

e e e r ENCN AN
e
e w ww N

e e x x Eatar ka0

e L AL A e
L i i e rEdE -
v e AU el

[ ) ¥
e e A A e - -
e e M >
e w w w NN R e e nax
L NN B x ko ke kR kR ) ! ¥
EERER ._,..__..q.q._..._._.___.____-..-__-_"- E ] i

L]

e W

L]

b

L]

W

™ W

Al 0 N A M M N NN NN N KN NN NN NN NN NN N
L]

W

FIG. 17



US 11,213,749 B2

Sheet 18 of 19

Jan. 4, 2022

U.S. Patent

E

L L
L

-I'.‘l'
B e b

:_::r

-II-II"-II-I‘#-II
»
)

L ]

x
E)

» X
R
5 %
»
1)

F

"ii

»

»
L)
-

F)

ey

el el el el el el Tl el

)

EO0 BE L RN
o)

ﬁ*l.‘*lll*‘-i*i.‘l‘

I#-I*l*i*iliilii

L ] ‘i
£
o

F

F)
wx

) l‘:.
]

;':*4

WA

1-“
.

oy
B
»
.

l*:.

L ]

Ml d
.
FY
e,

Al
>

i i i
T
:a"n:n::"n:x o
o e

I-I-I"I-I"Iu?dxx"h-laﬂxi
A

et

|
|
*-I.ﬁ‘i
-

N | ... .:. |
Yo
st e

e

R

s

e

s

L]
»
»
»

M)

*
»
[3

L

e
TR

-
[

L)

L

Ll
Ll
Ll

»
L
»

[

»
M)
aa

L ]

L e N )
NN
E ol

wraty
»

]
i#il#i*i-l‘ill‘i

N R A

»

L
»
)

L
[

N NN

*

L0l e

L]
*

T
LR S S

RO
"+

[

M)
oy

»

L)

I

x
HHH
E |

ety

I-HH

]
. as
II IHIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIHIHIHIIIIIIlﬂﬂlﬂﬂlﬂlﬂlﬂlﬂﬂﬂlﬂlﬂﬂﬂl KEEREREREREREREERERENERERERERERRR

2

'l:l
I-H.
A_A AN ]
I-H. I"i
lﬂl
l'l
AN
A_A
AN
J ?l“l

%“ﬁﬂlﬂlﬂlﬂllﬂﬂlﬂlﬂ Lo HHHHH

x
F |

oA
HHH
oo Al
H:?l-l“l
HHH
E |
Fx?l-

ki |
Hx?l
F |

A

iI:iI-iI-iI.i
it
ey
bt
ety

A
ool A
Hﬂalll. L}

F |
FE |
Mi'd“l“:h

i
"

Il:llnlli i

e

it

A A iI-iI.i
-I

iy
A AL AL
oy i
XA A
M A
|
o
L
i i
A
Fir |
i |
|
|
|
|
ol
|
i, |
|
AL
A
2 Al

-]
)
o
i
o
A
a:n:a"a'h
AL AN o

P
s
%

e
ottty
gty
e
gt
:":"ilnill.
I"H:l:lli k
H?l
orts

o M o NN M

b
]
b

H”H"IIIIIF _r. HHI nEEE

LA

lll!!IIIIIIIIIIIIIIIIIIIIIIHIHIHIIIIIIIIIIIIIIHHHIIIII“HHI"I“H“I“HIIHHHHHHII.H.H

m e

W

|
xl..._..
L X,

o A N N
Al
Pl

Al
|

T

>
. ]

M
ad
b

i
a
)

M

£
Al
I-II
“.:H" F
|

]
|
b
b ]
. |

|
L

H?l:h:l-
oo

]

X
EXTRERLEEX X NN
Il HHHHIHIHHHHHHHHHHH

e

b |
Mo

IHIHH
.
FY

p_J
|
L.
b |
|

K
-

xRN ~ .H"l“l"l"
A e N NN mr.u..!!!vmﬂﬂlﬂlﬂlﬂ
N EEN T X F

x K 3 IIIH .

]
I
AN A

sy

L
TRERER XK
)

s
N N M
E

"
ool

e
A
:u';. ':
Nk

E |
2

A
Ml
Y

F |
A M
A
e

Al
2

xlxl"ana:a:a:x:a'aﬂn"in‘
a:n:n:a:n:nxa"a*n'i"nﬂl
i i
i
M

P,

i)
?-:H: :!a: )
|
)

oM M
HHHHH X

.-::;:

i
:x”xx
i
o

S
e

a:::::::”n:

o
)

ol
L

£
L
i
2 e
]

x
o
!
|

.
, L
L
"

d ik
S
- 'Hxﬂnﬂxﬂxxxl

- 3
]
)

A

M_N
Ml

]
I

F
i
2

H
I

o
I

X
k. X
. ]
" "
oo
o

EY
EY
.
A
M

i i i
S e e

M
F

N
2

H
kY

A

-]
Y

sty
)

-I-lllnﬂnﬁnxx?d 4
WYY W W W b

FlG. 18



US 11,213,749 B2

Sheet 19 of 19

Jan. 4, 2022

U.S. Patent

5]
A
w

L. |

gisss

b . . i .' .'I'.' | || | | || HEEEEENEEN EFEFEEFEElFEFEFEFEFEFFEFErFrE R BB FE R ENNEN
e e n e e e noasnoas e e e e
L L II.I I- ll ll ll | Illllll llllllllll | || II | IIlIIlIIl"IlIIlIIIIIIIIIIIIIIIIIIIIIIII | IIlIIll"lIIIIIIIIIIIIIIIIIIIIIIII lll B

w e e e e e e e e e e e e e e e e e e e e e e et e e e e e e oo

) -._”-V-- ---. et
"uuy T T e
e e ) :
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | N |
e e e "
\RRRIIHHHH ) L llllllllllllllllllllllllllllll llll lllll llllllllllllllll | lllll llll | | | | | | lllllllllllllllllllllllllllllllllllllllll E
s e e e e :
i ﬁu.ﬂ."""""..” P as aly u"..."u..w..u"..u"..."..."..."..ﬁﬁn ....""._.u"._.u"._.u""__..u..“"__..u..“._.u"..""..""._.u"._.u"u..u".."".."".."".."".."".."".."""""""""".""..."..."..."..."...""."""“"".. s
A L ik L] | | | | | | | | | | | | | | | | | | | | | | NN | | EEEEFEEERERN

e R
e e e e e
e E FEEERERSX TN "

|
Al
Lo |
|
ey
A_A_A
o
A A A
M A
-I"H"HPI
M_N_ MM
L
.

.
X
a
|
u
AN
|
X
2l

IHHII‘.

l-!-H"HHH"H"..
IHHHHHHHH:I....
™

]
Al

|
|
>

s

e e ey Ll bl
AR R X XX R
I * x

A_N_A
H"F"\Z"\Z’

Ill EEEERETR
X, Illllllllllllllllllllllllllll Illlllllll II | | | | | | | IIIIIIIIIIII Il II II Illlll II Il II Illllllllll Il | ] lll | ] i
e A A Al e e, "
; N e e " e x
o e e e . amaaa e e e SR T e
IIHH IIIIIIIHHIII ; .:..__.:.:..__.:.:..__.:..:...__..\...___-_
Pt B e e e . : e s
ey o
"II..'II_II_ I llll!lllllllllllllIllllllllIllllllllllllllllllllllllllllllll Illllll Illll
e B e
B R
H"l"l"l"# II”III"“ II_ IIIIIIIHIHII” I”I"I“""I"“ Il_ a . IIlIIllllllllllllllllllllllllll . llllllllllll"llllll
e e
HEREINF [ IIIII
e Ay e e
“I"I"l"l“ '"I"""'II"I' EEE RN FE N NN I-.I I'I-
et .
e e e e e
e o S S e e e
B ot s
e
HIIIIIIIH IIllI'IIIII lllllll E IIIIIIIIHIHII! IlI Il IIIIII Illlllllllllll i " "l"l"l"

HIIIIIIIH ""I.-I- llllll s IIIIIIHHHHI I. "Il"".'.' IIIIIIIIIIIIII W ||
e e el

llll 'llI'II_ I llllll? "II-.'II_
e m..u""".......""“""""““”""” e
Hlllllllx I_II [ || Illlllllllllllllﬂﬂ!ll! |IIIII I_I
xEFEFEEX III_II_II_ IIIIIIIIIIHHI.IIIIII_II
O e o oo S

R R ezt
[

e
?l"?l MM
|
M
A A A A

o
L

S N
E A

byt

Al
Mo M oM A M MMM
A

W NN AN

.I.I .!'IZH

]

L]

o M M W M M M MM

[ ™
A_A
EY

N
EY

KR L
Ll =

ol
|
|
A
|
M
]
]
o
>
-
>
ol

i)

A H’H
o

M M
HIIHIHI"H

F g

» F B

L L L L N

MM A AN = A

M
i)

o

A

o E N
.F!HHF!HHEF!*HRHP

it

IHIHI

uEEN
EY

N EEEE
FY

g
H"?llﬂlﬂ-ﬂ

R R

e a w e

KN W

B NN

X

XA

XA
*

n
i |
.
A
i
XX
|
i

i

x

.

X

)

|

I.I |

e
L
e

|
A A A A
M
A
|
h_]
._,-

r
WM ; :
e,
; i i
e .anxannxxx...v.. oy i
x_x
X

e

|
A_A_A A
AN
Ty n n e e e

B e __ 55 S
......._. ._"_.

E |

EERERRERNX NN ""'I'-' HEEEFREREENRERNN

x EEE X EEEERFEZ~XN NN NN EEEFEEEFEFENRSX o I..EHHIHH.” = o

h ™,
KEETE x KRR R R X m N EEEEEREK X EN AL L

A FE K E X ".' EEFEEEESX NN l"l"".'.' Illlllllﬂﬂlllllll E X X X XN

HIIIIH'I'I'I'I' EEERIRERSHEHNH: . I"I"I' ERREEREXEENNN 5\I I..KHHIHHH.HHF-.

e Il.'" xR NN A HIIIIIIIIIIIHIHHIIM ll' 'I .- Illllllll Illll | Iim”ﬂxﬂlxﬂun-_

] / "
e e e et
e ot Lo o s et to e

|_n_n ErrErr x xu ] mnmnmn . i iy e
e g , _ e e A A . 5
S o e et e e 0 S 0050 _ Lelar ettt
e e A e e : ot
S R e e e e B o ottt s _ e,
o] II_II_ lllllllllllﬂlﬂll? IIIIIII-.II ll lll llllllllﬂ.kﬂlllllllll || Il Il ll Il Ill ] o™ y o
" " " "H Il"""l' EREENEXEEENLN Illlll"lll"lll"lll"lll"l y
e _ _ e
nERr IH IIIII lllllllllll K N ll' [ ll AEEENRERENENEENLNENN IIIIIIII Illll"l llllllll
e e e e e e e : K0 y . s
IH I"'““ ; Illllllllllﬂlﬂll! IlIlI“I I" L L B Hlllllllllllﬂxﬂllllll - e lllllllllllll o N .._ .._ .. 1 . L / - lllllllﬂﬂﬂlﬂﬂ!”-“ﬂl
]

L L e e e )
"
n
n
2
o
A

A
n
n
n

.

L L
|

|

|

H

]

Al

i,
A

*
n
n
n
-
o

L]
Al
|
|
|
Al
e
h ]
M A

Al
|
|
|
H
]
u
A

A
|
|
]
.
x>,
-
i,
A

|
|
|
|

H"H
H:H:H
Al_s_ A Hxi! . Hxi!
M
w
o

!;-:!;-:
)

Al
L
L
L
)]
.
=
W

A R

Al_n
L
L
L
N
]
™
dd‘l
L |
A A

x
|
|
|
ro e

i
|
Al
FY
o
|
A

E |
L |
L |

X,
M
..F!‘.F!H.

e e e g e o mp ey T R m RPN e

] IH IIII'I' Illlﬂlllﬂllﬂlunll! lII'l.' I' " ! Hﬂllﬂllllllllllﬂﬂﬂlllll | EEREREHNK = K
a IR ‘I'l'.' %ﬂlﬂlﬂlﬂlﬂlﬂﬂﬂrﬁl’m Il'll'...l' ot .-.' Hlllﬂlllﬂlllﬂlﬂllll
E

¥ B E R xENX
EEENE l.'lI_Il_ EENEERNXENXIN "II-.' L] ERXEEREEREXEEEELN
e o e
W E K l."l.. - | ]

e |
m m m MI m"mu""" II i Hﬂ"l"l"l"l"l"l"ﬁ"l“ l“I“I‘Il.I' ] lll ll 'S lllﬂﬂlﬂlllllllll """“l“!“l"l"!”!”!”!”! m!u_mr” x
HIIIIIIII l"l““ II IIIIIIIIHH.IIIIHIHIHIH F Hl
e e
o e e e ot R e
I

M M W]
L

Al

|

b
M_A
L]
L
oA
-l-I-Il
LN

Illlllllllllﬂlﬂlll "I‘l‘"ll.l' lll"lll III EEEEERLENELRN EE

L
M
MMM
L
L
|
AN
]
W

»
»

|
IIFHHHI
Al
x
.
]

L]
.
L
LY

'
o

A
A_A_A

e
r 3 -l-. » ] ]
s _ e
] II-_II.-. Hlllllll ll.-_lI_Il_Il_ e l.-_l.-_-_II-.Il_ k . = l"l"l"l"l"l"l"l"l"l" -
B E R & llllllllllllllllllllllll
K

”l.-_l.lIIlII Illl.lIlIII
o e o
m ".m.m A e

ool ,
o " ) l"l"n“l"l"n"l"ln
]

]
|
|
|
|
|

|
|
|
I-I
L
|
I:H:Ilﬂlllﬂlllll oA N

L
|
HIIH-
L
|
|
L |
L
NN
Iﬂ.l-
|
|
|
M
|
|
M
A
|
M
A
A
A

»
|
|

L
L ]
L]
L]

|
K
E
E
K
E
|
K
E
|
.

o
-I"#
I-ll
L

N )

) L L ] 4"#-

Lo
L]
L ]
N
AN A
L
|
AN
LN
L
AANNANNNNNHN
|
|
L
|
Al

)
i
r

.
-
A

i i i

o
EE
A
A

d
A
A A

R
el E
EEEEEEREEENR

n nnln n
EEFEEEEFEEEEFEEEFEEEEEEEFEEEEEEEEEERER EEER EEER EEER
B I 0 0 e e LA A A A A A M A A M A
||||||||

|
M
A A
A A
|
|
|
|
A A
|
|
'l
ii'-lnlll
A A

Al A
"HHHH
™
-
]
N

iy i i i
M Mgl AL AL L Ll LM
WA
)
o
]
o
L.
nu
|

e e, e e -
e, S e e .

m

i
AL

ol
i A i
M T T N

FIG. 19

0

18



US 11,213,749 B2

1

NETWORKED MEMORY ENHANCEMENT
GAME USING CUSTOMIZABLE IMAGES

CROSS-REFERENCE TO RELATED
APPLICATIONS

Priority 1s hereby claimed to provisional application Ser.
No. 62/794,829, filed Jan. 21, 2019, which 1s incorporated

herein by reference.

BACKGROUND
1. Field of the Invention

Disclosed herein 1s a computer game, specifically a com-
puter game for improving memory capable of customiza-
tion.

2. Background of the Invention

It 1s well known that many people sufler some level of
memory loss and increased time needed to recall facts and
figures with advancing age. This 1s due to a huge range of
tactors, including Alzheimer’s disease and other neurologic
disorders. The loss of memory associated with aging, head
ijuries, and certain i1llnesses 1s generally most frustrating to
the person suflering from such memory loss. Recognition of
the impairment can lead to depression and other problems.
While some advances 1n therapy and treatment have been
made 1n recent years to ameliorate the rate memory 1impair-
ment, 1t has proven an intractable phenomenon of advancing,
age.

Various activities have been used for treating such
memory loss, such as the use of board games played with
and by persons suflering from memory loss. In many
instances, such board games can provide mental stimulus
and can be of great value 1n assisting persons to maintain
their current level of memory or to slow the rate of memory
impairment. Unfortunately, such activities and games to date
generally rely on the use of the same basic figures, designs
and pictures, which can lead to boredom and often lack the
infusion of family socialization as part of the exercise. In
addition, the game 1s uniquely designed so as to be able to
combine the use of short-term memory with long-term
memory in the same exercise.

Accordingly, there 1s a need for a networked, customiz-
able, memory-enhancing game which may be played by one
or more persons. There 1s a further need for a game which
can be implemented via the Internet or via an application (an
“app”) stored and executed on a mobile device. The game
should be configured to be tailored, updated, and modified,
by each individual player, as needed or desired, to keep 1t
fresh. It 1s also desirable for the game to provide a secondary
level of questioning relative to the first level of questioning.

BRIEF SUMMARY

Disclosed herein 1s a first method of providing a memory-
enhancing game on at least one networked computing
device. The method comprises:

storing a plurality of source 1mages on the at least one
networked computing device;

associating each of the plurality of source images with a
corresponding pair of virtual objects on at least one graphi-
cal user interface (GUI) on the at least one networked
computing device, each virtual object 1n each pair of virtual
objects having a first state 1 which the source image
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associated with the virtual object 1s not displayed on the at
least one GUI and a second state 1n which the source image
associated with the virtual object 1s displayed on the at least
one GUI;

displaying on the at least one GUI a plurality of the
corresponding pairs of virtual objects, 1n randomized posi-
tions, with all of the virtual objects 1n the first state;

receiving a selection of two virtual objects from at least
one player, wherein a selected virtual object 1n the first state
will convert the selected virtual object into the second state
for a pre-selected period of time after which the selected
virtual object returns to the first state,

wherein 11 the two virtual objects are associated with the
same source image, the at least one player 1s awarded at least
one point and the two virtual objects remain in the second

state on the at least one GUI or are removed trom the at least
one GUI; and

repeating receiving a selection of two virtual objects from
at least one player until each virtual object remains 1n the
second state on the at least one GUI or 1s removed from the
at least one GUIL.

Disclosed heremn 1s a second method of providing a
memory-enhancing game on a plurality of networked com-
puting devices. The method comprises:

storing a plurality of source 1mages on a corresponding
plurality of networked computing devices;

associating each of the plurality of source images with a
corresponding pair of virtual objects on a plurality of
graphical user interfaces (GUIs) on the plurality of net-
worked computing devices, each virtual object 1n each pair
of virtual objects having a first state in which the source
image associated with the virtual object 1s not displayed on
the plurality of GUIs and a second state in which the source
image associated with the virtual object 1s displayed on the
plurality of GUIs;

displaying on the plurality of GUIs a plurality of the
corresponding pairs of virtual objects, in randomized posi-
tions, with all of the virtual objects in the first state;

recerving a selection of two virtual objects from at least
one player on one of the plurality of GUISs,

wherein a selected virtual object 1 the first state will
convert the selected virtual object 1to the second state for
a pre-selected period of time after which the selected virtual
object returns to the first state,

wherein 11 the two virtual objects are associated with the
same source image, the at least one player 1s awarded at least
one point and the two virtual objects remain 1n the second
state on the plurality of GUIs or are removed from the at
plurality of GUIs; and

repeating permitting at least one player to select two
virtual objects until each virtual object remains 1n the second

state on the plurality of GUIs or 1s removed from the
plurality of GUISs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an exemplary screen shot of the log-in page for
the game.

FIG. 2 1s an exemplary screen shot of the home screen for
the game.

FIG. 3 1s an exemplary screen shot of the “Friends
Screen” for the game.

FIG. 4 1s an exemplary screen shot of the “Friends Detail
Screen” for the game.

FIG. 5 1s an exemplary screen shot of the menu screen for
the game.
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FIG. 6 1s an exemplary screen shot of the settings screen
for the game.

FIG. 7 1s an exemplary screen shot of the statistics screen
for the game.

FIG. 8 1s an exemplary screen shot of the first “Creating 5
a Game” sub-screen for the game.

FIG. 9 1s an exemplary screen shot of the second “Cre-
ating a Game™ sub-screen for the game.

FIG. 10 1s an exemplary screen shot of the third “Creating,
a Game” sub-screen for the game. 10

FIG. 11 1s an exemplary screen shot of the first “Joining
a Game” sub-screen for the game.

FIG. 12 1s an exemplary screen shot of the second
“Joimning a Game™ sub-screen for the game.

FIG. 13 1s an exemplary screen shot of the third “Joining 15
a Game” sub-screen for the game.

FIG. 14 1s an exemplary screen shot of the “Adding
Photos/Captions” screen for the game.

FIG. 15 1s an exemplary screen shot of the first “Playing
a Game” sub-screen for the game. 20

FIG. 16 1s an exemplary screen shot of the second
“Playing a Game™ sub-screen for the game.

FIG. 17 1s an exemplary screen shot of the third “Playing
a Game” sub-screen for the game.

FIG. 18 1s an exemplary screen shot of the fourth “Playing 25
a Game” sub-screen for the game, which 1s also the mes-
saging screen that allows players to extend text messages
with one another when playing remotely.

FIG. 19 1s an exemplary screen shot of the “Game Over”
screen. 30

DETAILED DESCRIPTION

Disclosed herein 1s a computer-based, networked method
for creating and playing a customizable memory game. 35
Belore creating the game, a game creator may first give the
game a name. The name may be a unique or quasi-unique
alphanumeric string. In order to participate 1n the game, a
player must enter the correct name if such game 1s a “Private
Game.” As such, the name may act as a password of sorts to 40
control game participation.

Once the name has been selected, the game 1tself provides
a platform for the game creator to select a set number of
paired display objects. More or fewer display objects can be
used to make the game more difhicult or less ditlicult. Each 45
pair of display objects can be customized with pictures or
symbols. Once a picture or symbol has been assigned to a
pair of display objects, the display objects can be further
customized with a secondary question. For example, the
secondary question could require identification of a symbol 50
or person shown on the display object. Once pictures or
symbols are assigned to each pair of display objects and, 1
selected, a secondary question has been assigned to each pair
of display objects, the computer-based method shufiles the
display objects and places them 1n an array visible to one or 55
more players or users of the game.

Once the game has been created, and the array of display
objects has been created, 1s ready for use. The game may be
played via an internet connection, a local area network
(LAN) or wide area network (WAN), or an application. 60

Players are then invited to join the game. The game 1s
configured so that the creator of the game can send an
clectronic notification, via a global computer network (e.g.,
the Internet) or via protocols for implementing wireless local
area networks (WLAN) (e.g., using well-known and con- 65
ventional digital communication protocols such as the IEEE
802.11 family of protocols) to mtended users of the game.

4

Likewise, game users can search for games by name or
location and/or other identification criteria. The creator of
cach game can restrict the number of users of a specific
game, 11 so desired.

The game creator can also set up games 1n a way that users
of the game are allowed to add subject matter to the display
objects via a mobile application or via a computer. The game
creator can also limit the number of display objects that a
user can modily. In both cases, users can add pictures or
symbols to the pairs of display objects and 1f set up by the
creator, set up a secondary question to be asked once a pair
of display objects 1s paired by a user.

The creator can further establish a sponsor category. A
sponsor can, for example, upload its logo or another elec-
tronic advertisement via an application or via the Internet.
The logo would be displayed on the display object prior to
their selection during game play by a user.

As indicated above, users can be invited to the game via
clectronic notification. At that point, the user can access the
game via computer or, for example, mobile device applica-
tion. Once accessed, the game can be played either singly or
by multiple players over the internet. It 1s further possible to
provide a text window or chat window such that the players
can talk with one another while playing the game.

The game 1s device-independent and may be implemented
on any type ol microprocessor-controlled computing device,
such as, but not limited to, a desktop computer, a laptop
computer, tablet devices (such as Apple’s 1Pad-brand tablet
computers), and smart phones.

The full gamut of game play 1s best disclosed via an
exemplary implementation of the game as shown 1in the
attached figures. In the exemplary version of the game, game
play 1s structured 1n a form analogous to a card game in
which all of the cards of a standard 52-card deck are set
tace-down randomly on a surface. The players then turn over
cards to face-up, two-at-a-time, 1n an eflort to locate pairs of
cards whose face-up 1image matches. That 1s, at each player’s
turn, the player selects two cards and turns them face-up. At
the same time, the other players must concentrate on the
images shown in the two cards that are turned face-up. If the
image on the two cards matches (say two “9 cards or two
“Jack™ cards), the player removes the pair from the playing
surface and retains them as points scored (and takes another
turn). If the images on the face of the two cards turned
face-up do not match, the two cards are again turned
face-down and placed 1n the same position on the playing
surface as prior to being flipped face-up. That ends the first
player’s turn. The next players then play 1n the same fashion.
As each player takes a turn, the other players of the game
learn, and attempt to retain 1 memory, the identity of the
images that did not match and their locations on the playing
surface. When a player’s turn comes around, the player then
uses that knowledge 1 an effort to turn over two cards that
they remember bore the same 1image. Play continues until all
52 cards have been matched into 26 pairs. The player who
matched the most pairs of cards wins the game. In this
fashion, the players’ memories are constantly engaged as
they are exposed to new information. Adult players, though,
tend to tire of the game quickly because the images 1n a
standard deck of cards are unchanging and well-known. The
challenge level 1s diflicult to adjust, either to increase or
decrease.

In the present game, 1n contrast, the 1images presented to
the players to be matched are selected by the players
themselves and can be or represent anything: photos of
people, places, things, symbols, maps, geographic points of
interest, buildings, monuments, famous works of art, Ameri-
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can Presidents, etc. There 1s no limit to the number of paired
images that can be used at the start of the game or the nature
of the paired 1mages. Each image, however, must appear 1n
two of the playing pieces or objects so that they can be
matched.

As used herein, the term *“cards,” “playing pieces,” “vir-
tual objects,” and “objects,” are used interchangeable and
synonymously to refer to the graphic computer-programmed
graphical objects that constitute the playing pieces of the
game. Each card, playing piece, virtual object, or object has
two states, the first analogous to a display of the front side
ol a card and the second analogous to a display of the back
side of a card. Only one state of each object 1s visible in any
given 1nstant. Each card/playing piece/object can be
“selected” on a touch-sensitive screen or using a mouse or
other mput device, 1n conventional fashion. The playing
pieces are constructed in software, typically using object-
oriented code, also 1n conventional fashion. The playing
pieces may be constructed in any high-level language,
computer code, machine language, etc. without limitation.

Referring now to FIG. 1, the exemplary log-in screen
would be seen when a person downloads the app the first
time. It can be changed as shown in FIG. 6. This first player
will be also be referred to as the “creator” of the game. As
shown, the log-in screen 1ncludes a field 10 for Player 1 to
enter a user name. Player 1 uses field 10 to enter a name or
nickname by which they will be identified when playing
games with others. After creating a user name and indicating
they have read and accepted the “Terms and Conditions,” the
app user Player 1 clicks field 12, “Start Playing,” which will
take them to the home screen, which 1s shown in FIG. 2.

Referring now to FIG. 2, this screen has four buttons.
Friends button 14 brings each player to the “Friends” screen.
A nickname can be used in order to identily and invite
friends. The app user’s 1dentity code 1s shown on the bottom
of the “Friends” screen. This screen allows the app user to
remove friends or give them a nickname by touching one of
the friends on the list. Menu button 16 allows a player to
access a main menu screen. Join button 18 provides a link
to join a game that another player has created, searching by
cither the game or by the game’s geographical location.
Create button 20 allows a player to create a new game.

Referring now to FIG. 3, by clicking on the Friends button
(14 1n FIG. 2), a player’s friends are displayed. The leit side
of Inend list 22 displays the unique or quasi-unique user
name of each player assigned (see FIG. 1); the right side of
friend list 22 displays an optional nickname that each friend
was given on a player’s device. When a player 1s asked to be
a Iriend, they provide the codes to the user of the app. The
“close screen” box 24 closes the Friends screen and brings
the player user back to the home screen. The “close screen”™
box 24 appears on all the screens and functions generally to
close the screen currently displayed and to take the user/
player either to the home screen, or to a lower level screen
if they are 1n a higher level. The Add Friend button 26 can
prompt a creator to add a friend’s code or nickname 1n order
to send them an 1nvitation to play games between them. The
code 1s an optional security feature. When 1t 1s used, a game
creator must obtain the code from other app users to be able
to send a friend request when creating games.

FIG. 4 shows the Friends Detail screen, which provides
detailed data on each individual player. The Friend Details
ficld 28 displays the user name, code, and mickname of the
selected friend. The Remove Friend field 34 removes the
user from the friends list. The Nickname field 32 allows a
player to create and modily a nickname for each friend
playing a game. The nickname 1s seen only by the player
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6

creating the nickname (and not the player being assigned a
nickname). Once the nickname has been entered, the player
may save the nickname using the “save nickname” box 30.
Again, a close screen button (24) as described previously, 1s
in the upper right corner. Clicking on button 24 in the
Friends Detail screen takes the player to the main Friends
screen.

FIG. 5 shows an exemplary Menu screen, which 1s
accessed by clicking on the Menu button 16 (see FIG. 2).
The main Menu screen as shown 1n FIG. § includes seven
buttons and a link to the privacy policy statement. The seven
buttons are:

Settings button 36 brings user to the Settings screen to
modily various user settings like game theme, sound effects,
repeatability, etc.

Custom Card Backs button 38 directs the user to locations
where they can create custom card backs that can be used 1n
games created. This allows a game creator to enhance games
used for various special events or to personalize a game,
such as a personalized game for the game creator’s friends
and family. If the user does not have an account, the user 1s
invited to create an account 1n order to create Custom Card
backs. Creating an account with a valid e-mail address and
password 1s only required 11 one wishes to use “Custom Card
Backs™ or to use “Card Backs Advertising”.

Card Back Advertising button 40 directs the user to
locations where they can create Advertisement card backs
that will be shown on other player’s games they create
within selected geographic location(s). These may be used to
advertise a business, company and/or product(s) and/or
services. IT the player does not have an account, the user 1s
invited to create an account 1n order to create Advertisement
card backs. Persons or companies do not have to be “play-
ers” or even download the app 1n order to create card backs.
That 1s, people wanting to advertise using the app can have
their products or services advertised on the back of cards
being played by others. At “PictureThisGames.com™ adver-
tisers can create advertising card backs to be used 1n games
played on apps. To prevent abuse, advertisers must have
their card back creations approved by the owners of the app.

Your Statistics button 42 brings the user to the statistics
screen to view various game play statistics, such as, but not
limited to, number of games played, number of games won,
rate of selecting matching pairs of virtual objects, rate of
selecting a corresponding caption, and a player’s total score.
These statistics can be based on the number cards being
played 1n games since a given point in the past (yesterday,
last week, last month, last year and forever.) In addition,
such statistics can be graphed 1n order to visually assess
trends. Such an application may be usetul for monitoring a
player’s status or evaluating a player’s mental improvement.

Premium button 44 provides a link to purchase the
premium version of the app and can offer a preview of a
variety of generic card backs that will be available to be used
in creating games. The Premium version will also block
advertising Card Back ads from appearing on the games the
person plays. It will not block Custom Card Backs from
appearing during games the player participates in where the
game creator used a custom card back. I1 the player does not
have an account, the user 1s invited to create an account.
Creating an account with a valid E-Mail address and pass-
word 1s only required 11 one wishes to purchase the premium
version of the app.

Help Guide button 46 brings the user to a help guide on
how the various game settings function. Login button 48
allows user to create an account i1n order to create and use
custom card backs and to purchase the Premium edition of
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the game. Note: The account 1s not used 1n the game 1tself.
The account 1s needed 1n order to log 1nto a web-site screen
where Custom Card backs, Advertisement card backs, and
advertisement statistics are displayed. An account also
allows playing the game in a browser that can be then
projected or shown on a TV.

Privacy Policy button 50 allows access to the Privacy
Policy for users of the game. By way of non-limiting
example, 1n one game users provide access to their personal
photographs or other indicia that are featured on the front
taces of the cards only during a game. The indicia are then
destroyed after a maximum of 2 hours after the game 1s
concluded. The privacy policy 1s unrelated to how the game
1s played.

FIG. 6 shows the Settings screen, which 1s accessed by
clicking on button 36 in FIG. 5. A number of fields are
presented under Settings. Username 10 1s the customizable
unique or quasi-unique user name that each player uses for
identification when playing games with others. This name
will replace the user name that was mitially set upon
downloading the app. This can be modified at any time.
Game Theme 52 allows user to set the cosmetic background
of their app. Sound Eflects 54 allows the user to turn on the
sound eflects of each players device. Repeat Game 56 allows
the user to prompt the player with the option to repeat the
game. This saves the creator time 1f wanting to play more
than one game with the same settings and objects to provide
repetition. Save 58 allows the user to save any changes made
to the settings options.

A Statistics screen 1s shown in FIG. 7. The Statistics
screen 1s accessed by clicking on the Your Statistics button
42, as shown 1n FIG. 5. Representative statistics are accu-
mulated on this page and may 1nclude the following (by way
of example and not limitation). Games Played 60 shows total
number of games played. Games Won 62 shows total
number of games won. Card Match Rate 64 displays the rate
of matching cards. Caption Match Rate 66 displays the rate
of matching captions to paired card matches. Score 68 shows
the total amount of points earned by the player. GRAPH 70
presents statistics 1n a graphic form. RESTART 71 sets the
system to a given point 1in time which will continue until the
next Restart. SINCE WHEN 67 sets a time in the past to
compute statistics with the options: “Forever”, “Yesterday”,
“A week ago”, “A month ago”, “A year ago” and the last
“Restart”. BY CARD COUNT 69 allows the player to view
statistics based on the number of cards being played for each
game played and include: “All”, “67, 127, “207, ©“24”, “307,
“42”, “48”, and *“36”.

FIG. 8 shows an example of the Creating a Game screen.
This screen 1s accessed by clicking button 20 as shown 1n
FIG. 2. Creating a game 1ncludes several required steps and
a number of optional steps. First, a game name may be
provided by a game creator (button 72). The name (f
desired) will be displayed 1n the “Game Name Here” field.
Optionally, the game may be limited to players within a
geographic range. This 1s done using the Limit Players to My
Location Only button 74. It this feature 1s activated, showing
the game name will be limited to players searching for
games within an approximately 1000-foot radius of the
player creating the game. (The radius 1s a function of the
limits of wireless local area network technologies.) If net-
worked, the game can be limited geographically by network
IP address. In contrast, the Private Game button 76 will limait
the game only to those players manually ivited to play by
the game creator or a player i1s given the game name by some
means. If the game 1s set as Private, the game name will not
be displayed to the public. Note: having location services
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turned on will enhance the accuracy of limiting players to
only those near the player’s location. The Start Setup button
78 take the player/creator to the next screen to begin custom
set up of the game to be played.

Retferring now to FIGS. 9 and 10, these two screens
present all of the variables that can be employed to create a
unique, competitive and ever-changing game. FIG. 9 pres-
ents fields for setting the following parameters:

Number of Cards 80 sets the desired number of cards for
the game. The displayed choices are even number so that
every card has a matching pair (e.g., 24 cards yields 12 pairs,
56 cards yields 28 pairs, etc.). The game becomes more

challenging as the number of cards increases.

Number of Players 82 sets the number of people that will
be playing the game.

Number of Teams 84 sets the game so that players
compete on an individual basis (No Teams) or as part of a
team. The number of teams possible will be dependent on
the number of players in such a way that each team has the
same number of players.

Extra Turn When Correct 86 provides that when a player
makes a match, that player continues playing until they
make a mismatch. When deactivated, each player will only
get one turn regardless of whether a match 1s made. (Note:
if the “Captions™ feature 1s turned on (see below), then the
player will only get another turn if they also guess the
caption correctly).

Photos 88a allows the creator to add custom photos to the
face of each playing card. When deactivated, the face of
cach card will appear as conventional playing cards, that 1s,
2,3,4,5,6,7,8,9, 10, Jack, Queen, King, and Ace of all
four suits (clubs, diamonds, hearts, and spades).

Caption 885 allows the creator to associate a correspond-
ing caption with each pair of matched photos shown on the
face of a matched pair of cards. This feature can be used to
increase the complexity of the game by requiring players to
match not only the image shown on two cards, but then also
to guess the caption from a drop-down list of possible
correct answers. If the player 1dentifies the caption, addi-
tional points (e.g, doubled) are added to their score. For
example, 1f the 1images to be matched are photographs of
people or places, the captions could be the names of those
people and places, respectively. When a player then matches
two cards, the player can earn additional points by naming
the person or the place shown in the matched pair of cards.

Only Me 88c¢ allows the creator to attach all photos or
images that will be associated with the playing cards. If this
option 1s deactivated, the number of photos to be associated
with the playing cards is split equally among the players as
close as possible. For example, 1f the game 1s designated to
be played with 48 cards, 24 images will be required. (Each
image 1s aflixed to two cards to make a matched pair,
yielding 48 cards total.) If four players are playing, each will
be prompted to upload six photos. The “OK™ button (FIG.
14, 140) 1s pressed when all of the images have been
uploaded. Pressing the Back button 90 (FIG. 9, 90) ends
game creation and brings user/creator back to the home
screen. Pressing the Continue button 92 brings the use/
creator to the setup screen shown in FIG. 10.

The screen shown 1n FIG. 10 allows the game creator to
customize the back face of each playing card and to cus-
tomize the other aspects of game play:

Card Back 94 allows the game creator to select the
appearance of the back of each playing card. With the
default option of “AD”, the card back of all players will
display an advertisement card back unless the creator has
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custom card backs where all players will display the cre-
ator’s choice of a Custom Card Back.

Number Each Card 96 will sequentially number each card
in the game for an additional means of tracking or selecting
the cards durlng game play. This feature might be used when 5
the game 1s being played by a group of people with teams or
player(s) who are not physically capable of selecting cards
other than with verbal indications or where a “player” is
more than one person.

Card Flip Style 98 controls the amimation when each 10
individual card 1s thpped.

Card Match Style 100 controls the animation of the cards
when a match 1s made, and the card 1s removed from the
board.

Just Watch 102 allows the creator to create and observe a 15
game, but not be an active player. The creator can only watch
the game as 1t 1s being played by others. In effect, the creator
acts only as an administrator to set up each game. This
option may be used, by way of non-limiting example, when
the game 1s being played 1n a party setting, 1n a large setting 20
such as a fundraiser, or when the game 1s created for another
person to play as a “gift” to that person or the player
receiving an 1nvite 1s not capable of creating a game due to
a handicap such as memory loss or disability.

Game Speed 104 controls how quickly cards turn over, 25
how long the face of the card 1s enlarged and displayed, and
how long the chosen two cards are displayed after being
turned over during game play. That 1s, at the start of each
player’s turn, all of the cards are set face-down. The player
then clicks on two of the cards to “tlip” them face-up so that 30
the 1image on the face of each card can be seen. Setting the
“Game Speed” function to 1ts fastest level make the game
much more dithicult because each player 1s given only a very
short window of time to view the two cards before they are
returned to the face-down position. 35

“Your Turn” Time Limit 106 controls the maximum
amount of time a player has during their turn.

The Back button 108 brings the user back to the previous
setup screen shown 1n FIG. 9. The Create button 110 creates
the game according to the parameters selected in the set-up 40
screen just described.

FIG. 11 depicts an exemplary Joining a Game screen. IT
a player knows the name of a private game, 1t can be typed
into the Search Games field 112. The Search Games button
114 1s then clicked to see if a private game 1s available. The 45
Games Near Me button 116 displays the 20 closest games
nearest to the mobile device’s location, geographically. The
creator and player must have Location Services enabled on
their mobile device for this feature to accurately recognize
game location. 50

Referring now to FIG. 12, 1T a game 1s found 1n the search
function shown 1 FIG. 11, the game can be jomned by
selecting 1t 1n the Games List drop box shown in FIG. 12. As
shown 1n the figure, two games are available to join, Rrq
(118a) and Pkt (118b). The back arrow 120 at the top left of 55
the screen will exit the Games List and bring the user back
to the Join Game screen. If a game 1s selected, by clicking
on one of buttons 118a or 1185H, the player 1s taken to the
screen shown 1n FIG. 13

FI1G. 13 depicts various game details 1n field 124, such as 60
the creator (“Serge”), the number of cards (“24 cards”), and
the current number of players in the game (“1/6). The Join
button 126 1s clicked for the player to join that specific game
and to upload photos 1f requested by the creator. The back
arrow 122 takes the player out of the Game details screen 65
and brings the player back to the Games List drop box
shown 1n FIG. 12.

10

Referring now to FIG. 14, this 1s the screen where players
upload the photos and captions to be used in the game. This
screen will appear to a creator when setting up a game with
“Photos” marked as YES. This screen will also appear to a
player when joining a game with “Photos” marked as YES,

and “Only Me” marked as NO. The back arrow 128 will take

the player out of the current game and bring the player back
to the home screen. The down arrow 130 saves the currently
linked photos/captions as a preset, so they can be easily
retrieved for use in future games. The up arrow 132 loads
saved presets—thereby enabling players to quickly upload
desired photos and their corresponding captions that were
used 1n previous games. The Camera button 136, when
clicked, brings up the on-board camera on the player’s cell
phone, tablet, or other mobile device, to take a new picture
to upload to the game. (The photo so taken will not be saved
on the device library but can be saved as a “pre-set”) The
Photo button (defaulted), 138, when clicked, accesses the
photo library on the player’s cell phone, tablet, or other
mobile device. The player can then select the photos they
wish to be uploaded to the game from among existing
photos. (Note: Up to eight (8) photos can be picked from a
player’s library with a single “trip” to their library).

Regardless of the origin of each photo, clicking on a photo
will populate the Photo/Caption field 134 and if “Captions™
(F1G. 9, 88) 1s YES, the player can create the related caption.
Each photo uploaded to the game 1s shown to the right of the
text entry fields labeled “CAPTION™ 1n field 134. As each
photo appears, the user may then (optionally) click on either
the PHOTO or the CAPTION fields to reload a photo and
caption or just the CAPTION field to change a caption. Once
the required number of photos and captions are uploaded,
the player clicks the OK button 140.

Referring now to FIG. 15, each game can be played by
individual players or by teams. The field 142 shown 1n FIG.
15 allowed the individual players to divide themselves 1nto
teams. When first starting a game, field 142 will display the
names of the players who have joined so far. The user names
will appear in a distinct format, such as a green font as in
“Shannon21” 1n FIG. 185, 11 that player has uploaded pictures
1s ready to play. When a joined player presses a particular
team that has available openings, that player will be put on
that team. If the game 1s started, any players not identified
with a team will be assigned to a team.

The Leave Game button 144 1s used to leave a game 1n
progress or when 1t 1s finished. When a player leaves 1n the
middle of an active game, that player 1s replaced by an
automatic player (a Bot) that selects cards randomly. The
Invite button 146 1s used to 1nvite players to the game. The
Start button 148 begins the game 11 a full slate of players 1s
not realized. If a full slate of players have joined and are
ready (all photos and possible captions have been selected),
the game will start automatically.

FIG. 16 shows the game playing 150. This 1s where the
cards will be displayed based on the creator’s settings. In the
background of field 150 are the back sides of all of the
playing cards in the game. That 1s, FIG. 16 shows the cards
turned face down. At each player’s turn, a player clicks on
a first card to flip 1t over to see the front of the first card. The
player then clicks on a second card to see 11 the 1mage on the
front of the second card matches the 1image on the first card.
The object 1s to match as many pairs as possible. The “Your
Turn” field 152 will be highlighted for each player when 1t
1s that player’s turn. If a time limit has been selected when
setting up the game, a countdown timer appears in field 152
as soon as the player’s turn begins. The game continues,
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with each player selecting and “tlipping” two cards per turn,
until all of the card images are matched.

Text messages can be exchanged (1.e., “live chat” or direct
messaging between two players) between the players using
the Message button 156. A symbol, such as a red exclama-
tion symbol, can be used to show that there are unread
messages for a player. A Player info button 154 1s configured
to open the Player Information screen when clicked. Button
154 will display current players, scores, and allows a player
to leave the game via the Player Information screen if
desired.

FIG. 17 1s a Player Information screen. Buttons 158 and
160 display the names of current players and their respective
scores. Clicking a player’s button (i.e., 158 or 160) brings up
that player’s chat screen to send the player a text message.
The Leave Game button 162 functions as described previ-
ously. Clicking on the OK button 164 closes the player
information screen and return to the game.

Referring now to FIG. 18, this shows an exemplary
Message screen. A conversation panel 170 displays the
message history between a first player and another selected
player, as described previously. Field 168 15 a “Type Mes-
sage” box. A player types messages to other players into
field 168. The “To” button 166 displays the name of the
recipient of the message. After typing a message into field
168, pressing the Send button 174 will send the message to
its intended recipient. Clicking the Close button 172 closes
the message screen and returns the user to the game screen

shown at FIG. 16.

FIG. 19 shows the Finished Game screen. Fields 176 and
178 show the names of the players who completed until the
end of the game and their respective scores. As shown 1n

FIG. 19, “THE REAL RICK” won with 32 points, while
“BOT #1” was 1n a distant second place with only 6 points.
Pressing the Leave Game button returns the player to the
home screen, as described previously. The Restart button
180 1s configured to permit the game creator to start another
game 1dentical to the one just played 11 Repeat Game was
YES 1 Settings. The Reveal button 182 brings a player to
the playing field shown 1n FIG. 16, but with all of the cards

revealed (1.e., face-up).

Numerical ranges as used herein are intended to include
every number and subset of numbers contained within that
range, whether specifically disclosed or not. Further, these
numerical ranges should be construed as providing support
for a claim directed to any number or subset of numbers 1n
that range. For example, a disclosure of from 1 to 10 should
be construed as supporting a range of from 2 to 8, from 3 to
7, from 1 to 9, from 3.6 to 4.6, from 3.5 to 9.9, and so forth.

All references to singular characteristics or limitations of
the present invention shall include the corresponding plural
characteristic or limitation, and vice-versa, unless otherwise
specified or clearly implied to the contrary by the context in
which the reference 1s made. The articles “a” and “an” mean
“one or more.”

All combinations of method or process steps as used
herein can be performed in any order, unless otherwise
specified or clearly implied to the contrary by the context in
which the referenced combination 1s made.

The methods described herein can comprise, consist of, or
consist essentially of the essential elements and limitations
of the method described herein, as well as any additional or
optional ingredients, components, or limitations described
herein or otherwise useful 1n programming a multi-player
game 1n a networked computing environment.
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What 1s claimed 1s:

1. A method of providing a memory-enhancing game on
at least one networked computing device, the method com-
prising;:

storing a plurality of source 1mages on the at least one

networked computing device;

associating each of the plurality of source images with a

corresponding pair of virtual objects on at least one
graphical user interface (GUI) on the at least one
networked computing device, each virtual object 1n
cach pair of virtual objects having a first state in which
the source 1mage associated with the virtual object 1s
not displayed on the at least one GUI and a second state
in which the source image associated with the virtual
object 1s displayed on the at least one GUI;
displaying on the at least one GUI a plurality of the
corresponding pairs of virtual objects, in randomized
positions, with all of the virtual objects 1n the first state;
receiving a selection of two virtual objects from at least
one player,
wherein a selected virtual object 1n the first state wall
convert the selected virtual object mto the second
state for a pre-selected period of time after which the
selected virtual object returns to the first state,
wherein if the two virtual objects are associated with
the same source image, the at least one player is
awarded at least one point and the two virtual objects
remain in the second state on the at least one GUI or
are removed from the at least one GUI; and
repeating receiving a selection of two virtual objects from
at least one player until each virtual object remains 1n
the second state on the at least one GUI or 1s removed
from the at least one GUI;

wherein each of the plurality of source 1images 15 associ-

ated with a corresponding caption; and
turther comprising associating each of the plurality of
source 1mages and the corresponding caption with the
corresponding pair of virtual objects on the at least one
GUI;

wherein 1n the second state the source image and a

plurality of captions including the corresponding cap-
tion associated with the virtual object are displayed on
the at least one GUI.

2. The method of claim 1, further comprising receiving a
selection of a caption from the at least one player.

3. The method of claim 1, further comprising receiving a
game name from at least one player before storing the
plurality of source 1mages on the at least one networked
computing device.

4. The method of claim 1, further comprising storing at
least one advertising 1mage on the at least one networked
computing device and associating the at least one advertis-
ing 1mage with the virtual objects, wherein 1n the first state
of each virtual object the at least one advertising i1mage
associated with the virtual object 1s displayed on the at least
one GUI.

5. The method of claim 1, further comprising the step of
recording at least one statistic of game play of the at least
one player, wherein the at least one statistic of game play 1s
selected from the group consisting of: number of games
played, number of games won, rate of matching cards per a
time frame and number of cards played by game, rate of
matching captions a per time frame and number of cards
played by game, and a trend in any of the preceding statistics
of game play.
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6. The method of claim 5, further comprising the step of
transmitting the at least one statistic of game play of the at
least one player to a separate party.

7. The method of claim 1, further comprising the step of
receiving at least one parameter of game play from at least
one creator, wherein the at least one parameter of game play
1s selected from the group consisting of: game theme, sound
cllects, game repeatability, number of virtual objects, num-
ber of players, number of teams of players, turn repeatabil-
ity, use ol captions, game speed, and play time limat.

8. A method of providing a memory-enhancing game on
a plurality of networked computing devices, the method
comprising:

storing a plurality of source images on a corresponding

plurality of networked computing devices;

associating each of the plurality of source images with a

corresponding pair ol virtual objects on a plurality of
graphical user interfaces (GUIs) on the plurality of
networked computing devices, each virtual object in
cach pair of virtual objects having a first state in which
the source 1mage associated with the virtual object 1s
not displayed on the plurality of GUIs and a second
state 1n which the source image associated with the
virtual object 1s displayed on the plurality of GUISs;
displaying on the plurality of GUIs a plurality of the
corresponding pairs of virtual objects, in randomized
positions, with all of the virtual objects 1n the first state;
receiving a selection of two virtual objects from at least
one player on one of the plurality of GUISs,
wherein a selected virtual object 1n the first state waill
convert the selected virtual object mto the second
state for a pre-selected period of time after which the
selected virtual object returns to the first state,
wherein if the two virtual objects are associated with
the same source image, the at least one player is
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awarded at least one point and the two virtual objects
remain 1n the second state on the plurality of GUIs or
are removed from the at plurality of GUIs; and
repeating permitting at least one player to select two
virtual objects until each virtual object remains in the
second state on the plurality of GUIs or 1s removed
from the plurality of GUIs;

wherein the at least one player 1s a plurality of players,

wherein each of the plurality of players 1s associated
with one of a plurality of teams, and wherein each of
the plurality of teams 1s associated with one of the
plurality of GUISs.

9. The method of claim 8, further comprising displaying,
a list of the plurality of players currently playing the
memory-enhancing game on one of the plurality of GUISs.

10. The method of claim 8, further comprising receiving
a selection of two virtual objects from at least one team of
the plurality of teams on one of the plurality of GUIs and
receiving a second selection of two virtual objects from at
least one other team of the plurality of teams on another of
the plurality of GUIs.

11. The method of claim 8, further comprising receiving
a game name from the at least one player before storing the
plurality of source images on the computing device.

12. The method of claim 11, further comprising receiving
the game name from a separate player and allowing the
separate player to access the memory-enhancing game.

13. The method of claim 8, further comprising receiving
a game name from a creator before storing the plurality of
source 1mages on the computing device, wherein the creator
1s not the at least one player and each of the creator and the
at least one player 1s associated with one of the plurality of

GUIs.
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